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SECTION 1
INTRODUCTION

High performance acrospace systems are dependent on materials that are lighter, have
improved mechanical properties, and/or offer a cost savings. Aluminum alloys that met these
criteria were the newly developed aluminum-lithium alloys and the second generation powder
metallurgy alloys.

In 1985, the Air Force along with the acrospace community found it important to
investigate the potential of these promising aluminum alloys. A cooperative program was
formed by the Wright Laboratory Materials Directorate, Systems Support Division, and a number
of acrospace industries. The Air Force would obtain the test material from the producers,
compile the test data, and submit reports to the participants. The participants agreed to support
the program by performing mechanical property tests which include tension, compression,
bearing, shear, fracture toughness, and fatigue related properties (S/N, da/dn). The Air Force
elected to perform spectrum fatigue crack growth testing on most alloys. The following table
contains the participants who volunteered to test a particular material. The X's that have a circle
around them indicate the participants that submitted their data to the Air Force. Some
participants were unable to test due to funding cuts or decrease in material interest.

This report contains aluminum-lithium alloys 2091, 8090, 2095, IN905XL and
AL905XL, and powder metallurgy (P/M) aluminum alloys 7064 and CW67. Comparisons to
other materials and ranking of materials are generally avoided, since each potential application
may be based on different evaluation criteria. '




Participants and Advanced Aluminum Alloys
in the Cooperative Test Program

PARTICIPANTS

TABLE

.(.0.

—TeForging
8080-T851 T Extrusion

2091

Alr Force WPAFB, OH

Army, MA

AVCO, TN

Boeing, WA

Oougias Aircraft, CA

General Dynamics, CA
Ganeral Dynamics, TX
Grumman Asrospacs, NY
Jet Propuision, CA
Lockheed, CA

Lockheed, GA

LTV, X

Martin Marietta, LA
McDonnelt Dougias Astro, CA
McDonnell Douglas Helicopter, AR
McDonnelt Dougias Missile Sys, MO
McDonnell Aiscrat, MO
NASA, VA

Naval A Deveiopment Canter
Northrop, CA

Sikorsky, CT

Sundstrand, IL
Wyman-Gordon

© 8000-T851 Extrusion
% 8000-TET71 Piate (1.76°T)
@ PV INSOSXL Forging

iinin

T
e

-
(-
e » @ @

KAISER | ALCOA

i

® 7084-T74811 Exwusion
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SECTION 2
MATERIALS AND TESTS

The advanced aluminum alloys were received on various dates. shown below are the
aluminum alloys and approximate dates received.

Producer Aluminum Alloy Date Received
Alcan 8090-T651 Extrusion Feb 86
8090-T8771 Plate May 91
Pechiney 2091-T3 Sheet Jul 86
2091-T351 Plate Jul 86
2091-T6 Forging Jul 86
8090-T651 Extrusion Oct 86
Alcoa 2091-T3 Sheet (0.063") Oct 88
2091-T3 Sheet (0.144") Mar 88
2091-T8 Plate Mar 89
8090 Extrusion Sep 91
INCO IN9OSXL Forging Jan 87
AL905XL Forging May 89
Reynolds 2095 Plate Feb 91
Kaiser 7064 Extrusion Dec 86
7064 Forging Dec 86
Alcoa CW67 Sheet Apr 89
CW67 Plate Apr 89
CW67 Extrusion Aug 87
CW67 Forging Oct 88

The aluminum-lithium alloys shown in the table above are shown in the as received
condition. Some aerospace companies heat treated the alloys to T8 tempers.

Mechanical properties, (tension, compression, bearing, shear and fracture toughness)
fatigue, and constant amplitude fatigue crack growth tests were tested according to ASTM
standards, unless otherwise specified. Spectrum tests were performed by the Air Force using
FALSTAFEF (a severe fatigue environment) and Mini-TWIST (a moderately intense fatigue
environment) spectrums.




SECTION 3
PRESENTATION

Each participant compiled a data package which contained the data they generated.
Some of these data packages contained discussions and in other cases, only the data were
provided. The tensile, compression, bearing, and shear data were put in tabular form. Fracture
toughness, fatigue, fatigue crack growth, and spectrum fatigue crack growth data were put in
tabular and graphical form.




SECTION 4
RESULTS AND DISCUSSION

The data generated by the participants are contained in the appendices. The following
table lists the producer, aluminum alloy, form and the appendix that the data can be found.

Table
Contents of Appendices
Form Appendix

Pechiney 2091 Plate A
Pechiney 2091 Sheet B
Pechiney 2091 Forging C
Pechiney 8090 Extrusion D
Alcan 8090 Extrusion E
Alcan 8090 Plate F
INCO IN9OSXL Forging G
INCO AL9S0SXL Forging H
Reynolds 2095 Plate I
Alcoa 2091 Sheet (0.063") J
Alcoa 2091 Sheet (0.144") K
Alcoa 2091 Plate L
Alcoa 8090 Extrusion M
Kaiser 7064 Extrusion N
Kaiser 7064 Forging o
Alcoa CW67 Sheet P
Alcoa Cwe67 Plate Q
Alcoa Cwe67 Extrusion R
Alcoa CWe67 Forging S




SECTION §
CONCLUSIONS

Nineteen aerospace laboratories participated in generating data on the advanced
aluminum alloys for the Air Force/Industry Cooperative Test Program Advanced Aluminum
Alloys. The data contained in this report provides an extensive data base on the aluminum-
lithium and P/M aluminum alloys.




APPENDIX A

PECHINEY 2091-T351 AND 2091-T8X PLATE
(0.42" X 39" X 39")

INTRODUCTION

The Pechiney 2091-T351 0.42-inch plates were received the second quarter of 1936.
Three participants heat treated the plate to a T8X temper; Northrop - T8 condition was achicved
by aging the 2091 plate at 275 for 12 hours, Grumman (-T8X) at 275°F for 12 hours, and
General Dynamics TX (-T851) at 335¢ F for 16 hours.

IESTING

Basic mechanical properties (tension, compression, bearing, etc.) were tested according to
ASTM standards, unless otherwise specified.

Constant amplitude fatigue crack growth tests were conducted according to ASTM E647
standard. The growth rate a-N data that was generated by the participants (Northrop, Grumman,
General Dynamics CA, and Air Force) were reduced using a seven-point incremental polynomial
method. This involves fitting a second-order polynomial (parabola) to sets of seven successive
data points. The data are also checked against requirements per ASTM E647, Section 7.2.
General Dynamics TX performed constant amplitude fatigue crack growth tests using a K-
increasing (load increasing) method.

Spectrum tests were performed by the Air Force using FALSTAFF (a severe fatigue
environment) and Mini-TWIST (a moderately intense fatigue environment) spectrums.




PECHINEY
2091-T351 PLATE




TABLE Al
TENSILE RESULTS AT t/2 LOCATION FOR PECHINEY
2091-T3851 PLATE (0.42° X 390" X 39°)

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (XSI) TKSI)
BOEING. WA RT LONG 64.9%5 81.3 17.0
64.5 51.2 16.0
64.6 S1.4 17.0
GENERAL RT LONG 64.3 51.3 10.2 20.2 10.8
DYNAMICS, CA 63.8 53.7 12.4 23.1 10.9
83.9 %51.0 12.8 25.8 10.9
64.3 50.8 10.2 20.0 11.4
NADC RT LONG 68.2 55.5 15.0 11.2
67.9 57.0 16.0 10.4
68.2 $5.2 15.0 11.7
87.9 $6.9%5 16.0 10.7
NORTHROP RT LONG 86.7 54.7 10.8 18.5 11.3
67.3 55.2 11.0 18.1 11.3
66.9 54.8 11.3 19.5 11.7
MARTIN RT LONG 64.9 $2.1 15.0 15.0
MARIETTA. LA 64.5 $2.7 14.0 14.0
04.7 $2.3 15.0 13.0
AVERAGE 65.9 53.6 13.2 18.6 11.1
STANDARD DEVIA%ION 1.7 2.1 2.2 3.8 0.4




TABLE A2
TENSILE RESULTS AT t/2 LOCATION FOR PECHINEY

2001-T351 PLATE (0.42° X 390" X 39°)

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) %) (MSI)
(DEGREES F) (KSI) (XSI)
BOEING, WA RT L TRANS 64.5 44.8 20.0
65.3 4%5.6 18.9
64.8 45.5 19.0
GENERAL RT L TRANS 64.7 46.3 13.8 21.9 11.0
DYNAMICS, CA ce.4 46.5 13.4 24.4 11.1
64.8 46.7 15.9 22.1 10.9
65.2 47.2 14.2 22.2 11.2
NADC RT L TRANS 67.9 50.9 15.0 10.3
66.2 49.9 16.0 11.7
67.3 49.9 16.0 12.2
¢6.2 49.9 15.0 10.7
NORTHROP RT L TRANS 67.2 49.1 12.1 23.4 11.7
67.7 49.1 12.4 22.0 11.7
67.6 49.0 12.8 24.8 12.3
MARTIN RT L TRANS 65.8 46.0 16.0 15.0
MARIETTA. LA 65.4 46.0 20.0 17.0
65.2 46.06 18.0 15.0
AVERAGE 65.9 47.868 15.0 20.4 11.3
STANDARD DEVIATION 1.2 1.9 2.2 3.3 0.6
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TABLE A3
COMPRESSION RESULTS AT ¢t/2 LOCATION FOR PECHINEY

2001-T351 PLATE (0.42° X 39" X 39°)

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KS1)

- Y T T TR M R R W D Y e R P D D G YD D D D O D W D SR G G A D P D R R D D AT R D R A S R R e

BOEING, WA RT LONG 42.

GENERAL RT LONG 42.
DYNAMICS, CA 41.

11.
11.
11.

Q0
2O >

NADC RT LORG 44.

[ )
(7]
GWLHOUOOWN

MARTIN RT LONG 44.
MARIETTA, LA

(¢ ]

12.4

AVERAGE 43.8 11.8

STANDARD DEVIATION 1.9 0.4
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TABLE A4
COMPRESSION RESULTS AT t/2 LOCATION FOR PECHINEY

2091-T351 PLATE (0.42° X 390" X 39°)

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)

BOEING, WA RT L TRANS 48.7

GENERAL RT L TRANS 41.
DYNAMICS, CA 48.

11.
11.
11.

(=
O >

NADC RT L TRANS S0.

[ 3
~3
NIONND00

MARTIN RT L TRANS 51.
MARIETTA., LA

12.5

AVERAGE 48.9 11.8

STANDARD DEVIATION 2.8 0.5
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TABLE AS
RIVET SHEAR RESULTS FOR PECHINEY

2001-T3351 PLATE (0.42° X 390" X 397)

COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
GENERAL DYNAMICS, CA LONG 34.3
33.9
33.4
AVERAGE 33.9
STANDARD DEVIATION 0.5
TABLE A6

RIVET SHEAR RESULTS FOR PECHINEY

2091-T351 PLATE (0.42° X 39" X 397)

COMPANY ORIENTATION SHEAR

STRENGTH
(KSI)

- an G an em Y S A W Gh G T e e R e e e AR G S TR G N AR G @D SR R e e G S Gm G en SR R D S TS D W e AT TR e e e e A AR SR W e e S e

GENERAL DYNAMICS. CA L TRANS 32.6

AVERAGE 34.1

STANDARD DEVIATION 2.2
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TABLE A7
AMSLER DOUBLE SHEAR RESULTS FOR PECHINEY
2001-T3851 PLATE (0.42° X 39" X 39°)

COMPANY ORIENTATION SHEAR

BOEING, WA L-8 35.2

AVERAGE 38.
STANDARD DEVIATION 0.

BOEING, WA L-T 38.2
38.0

37.9

AVERAGE 38.0

STANDARD DEVIATION 0.2

BOEING, WA T-S 34.
34.
34.

AVERAGE 34.
STANDARD DEVIATION 0.

(27 RO

BOEING, WA T-L 38.
38.
37.

AVERAGE 38.
STANDARD DEVIATION 0.

-0 oo
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TABLE A8
BEARING RESULTS FOR PECHINEY

2091-T351 PLATE (0.42° X 39" X 397)

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(XSI) (KSI)
BOEING. WA LONG 1.8 88.0 66.4
87.0 67.2
90.0 67.2
GENERAL LONG 1.8 90.86 81.6
DYNAMICS. CA 89.4 72.0
89.4 70.5
AVERAGE 89.1 70.8
STANDARD DEVIATION 1.4 5.7

(e} : INLICATES SHEAR TEAR OUT FAILURE

TABLE A9

BEARING RESULTS FOR PECHINEY

2091-T351 PLATE (0.42° X 39" X 39°)

COMPANY ORIENTATICN e/D BEARING BEARIMG
ULT. STR. YIELD STR

(KSI1) (KSI!

BOEING, WA L TRANS 1.8 90.9 66.!
90.0 66.4

90.9 67 7

GENERAL L TRANS 1.8 91.9 72 3

DYNAMICS. CA 92.5 71.7
89.7 71.8

AVERAGE 91.0 69.2

STANDARD DEVIATION 1.1 2.9
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TABLE Al0
BEARING RESULTS FOR PECHINEY
2001-T351 PLATE (0.42° X 39" X 397)

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(Xs1) (KS1)
BOEING. WA LONG 2.0 111.0 79.8
111.8 8.0
110.3 81.5
GENERAL LONG 2.0 113.9 90.6
DYNAMICS, CA 115.8 85.8
113.9% 86.4
AVERAGE 112.7 84.2
STANDARD DEVIATION 2.1 4.1

TABLE All

BEARING RESULTS FOR PECHINEY

2091-T351 PLATE (0.42° X 39" X 397)

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

{KSI) (XKSI)

BOEING, WA L TRANS 2.0 114.8 82.3
112.6 82.3

115.2 83.2

GENERAL L TRANS 2.0 113.0 87.6
DYNAMICS. CA 114.2 $5.1
114.6 87.4

AVERAGE 114.1 86.3

STANDARD DEVIATION 1.0 4.9
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TABLE Al2
FRACTURE TOUGHNESS RESULTS FOR PECHINEY
2091-T351 PLATE (0.42° X 39" X 39°)

COMPANY ORIENTATION KIC : Kq COMMENT
(KSI in"0.5) (KSI in"0.9%)

- s A AP S W P G R D EP P L WS TR G B R W S SR D S R G0 D T AL SR P R R D P R P S R h TE G b G e D AR e PP R G e A 4D R S R e

GENERAL L-T 37.0 (1,2,3)
DYNAMICS, CA 34.5 (1,2,3)
35.4 (1.2,3)
NADC L-T 42.6 (1
42.6 (1)
40.0 (1)
36.6 (1)

AVERAGE 38.5

STANDARD DEVIATION 3.4

(1): INVALID DUE TO Pmax/Pq > 1.10
(2): INVALID DUE TO a < 2.5(KQ/Fty)~2

(3): INVALID DUE TO B < 2.5(KQ/Fty)~2
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TABLE A1l3
FRACTURE TOUGHNESS RESULTS FOR PECHINEY
2001-T3S) PLATE (0.42° X 390" X 39°)

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in"0.8) (KXSI in~0.S5)

GENERAL T-L 38.7 (1.2,3)
DYNAMICS, CA 36.5 (1,2,3)
33.0 (1.2.3)

AVERAGE 36.1

STANDARD DEVIATION 2.9

(1) : INVALID DUE TO Pmax/Pq > 1.10
(2): INVALID DUE TO a ¢ 2.5(KQ/Fty)~2

(3): INVALID DUE TO B < 2.5(KQ/Fty) 2
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R-CURVE FOR 2091 PLATE (longitudinal)
{e'tective crack langth adjusted or plastic zone)
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Figure Al R-Curve Results for 2091-T351 0.42" Plate (longitudinal).
Martin Marietta LA,

R-CURVE FOR 2091 PLATE (transverse)

(effective crack length adjusied for plastic zone)
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Figure A2 R-Curve Results for 2091-T351 0.42" Plate (transverse).
Martin Marietta LA,
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R-CURVE FOR 2091 PLATE (longitusi:al)
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Figure A3 R-Curve Results for 2091-T351 0.42" Plate (longitudinal).
Martin Marietta LA,

R-CURVE FOR 2091 PLATE (transverse)
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Figure A4 R-Curve Results for 2091-T351 0.42" Plate (transverse).
Martin Marietta LA,
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TABLE Al4
DATA FOR SPECIMEN NO. 1, 2091
LONGITUDINAL PLATE

| | |
| | Half | Corresponding F}-acture
| Half Crack | Crack Length, | Toughness, ksi ./ inch
Load, kips | Length | (c + rho) T Not Adjusted [ Adjusted for
lI (c) inch } inch |l I' Plasticity
1 | | |
c.00 | 1.20¢ | 1.202 | 0.0 | 0.0
¢6.14 | 1.217 | 1.2¢9 | 12.44 | 14.57
4(.32 | 1.257 ] 1.310 | 25.41 ] 30.34
8¢.¢2 | 1.282 | 1.369 | 32.05 | 38.8
60.00 | 1.292 | 1.422 | 38.48 [ 47.34
69.98 | 1.297 | 1.491 | 44.99 | 57.88
79.84 | 1.297 | 1.567 | §1.35 | 68.3
89.98 | 1312 | 1.7 } 58.28 | 82.93
$46.90 | 1.342 | 1.857 | 62.38 | 94 .28
Thickness 420 inch
Yield = 52.4 ksi
Specimen Width = 7.00 inch
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TABLE AlS
DATA FOR SPECIMEN NO. 2 2091
LONGITUDINAL PLATE

| | |

| | Half | Corresponding Fracture

| HWalf Crack | Crack Length, | Toughness, ksi ./ inch

Loaa, kips | Length | (c+rho) Twot Iﬂusted | Adjusted for

1 (c) inch 1 fnch : 1 Plasticity

| | ] 3
0.0 | 1.100 i 1.100 | 0.0 | 0.0
12.54 | 1.100 | 1.104 | 8.45 | 7.93
20.3 | 1.100 | 1.110 | 13.68 | 12.84
30.09 | 1.145 | 1.1N | 20.80 | 21.06
40.17 | 1.165 | 1.213 | 28.08 | 28.7N
54.79 | 1.165 | 1.257 | 38.30 | 39.89
60.1C | 1.165 | 1.278 | 42.06 | 443.16
69.79 | 1.165 | 1.329 | 45.79 } 5§3.14
75.44 | 1.175 | 1.375 | 53.03 | 58.74
83.47 | 1.180 | 1.440 | 58.84 | 66.95
90.09 | 1.190 | 1.522 | 63.86 | 75.72
¥5.15 | 1.200 | 1.600 | 67.82 ] 82.82
98.00 | 1.215 | 1.673 | 70.43 | 85.90
9y.1% | 1.245 | 1.750 | 72.43 | 93.30
93.45 | 1.400 | 1.958 | 74 .14 | 96.0b
Thickness =  ,420 inch

Yield = 52.4 ksi

Specimesn Wiath = 7.00 inch
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TABLE Alé

DATA FOR SPECIMEN NO. 3, 2091

TRANSVERSE PLATE

| 1
| | Hal f Corresponding Fracture
| Half Crack | Crack Length, Toughness, ksi ./ inch
Load, kips | Length | (c + rho) Not Adjusted | Adjusted for
‘ {c) inch = inch Plasticity
] )
0.0 | 1.100 | 1.100 | 0.0 0.0
9.93 | 1.110 | 1.113 | 6.73 | 6.31
19.81 | 1.115 | Y.127 | 13.46 | 12.61
20.65 | 1.135 | 1.167 | 20.36 | 20.69
39.73 | 1.160 | 1.220 | 27.7C | 26.46
49.74 | 1.205% { 1.307 | 35.50 | 3713
59.86 | 1.2Y0 | 1.364 | 42.90 | 45.68
69.80 [ 1.210 | 1.444 | §0.06 | 56.26
79.58 | 1.215 | 1.561 | §7.39 | 68.41
85.32 | 1.215 | 1.639 | 61.32 | 5.1
88.14 | 1.230 | 1.728 | 63.87 | 82.05
91 .8¢ i 1.280 | 1.872 | 66.62 | 90.59
91.79 | 1.305 | 1.973 | 68.35 i 96.81
90.80 | 1.340 | 2.090 | 65.83 [ 103.00
Tnickness .420 inch
Yield = 42.4 ksi
Specimen higirn = 7.00 inch
23




TABLE A1l7
FATIGUE RESULTS WITH R=0.] AND Kt=1.0 FOR

PECHINEY 2091-T351 PLATE (0.42° X 39° X 390°)

COMPANY ORIENTATION STRESS CYCLES
(XS

NADC LONG 60.0 28.300
60.0 29.600
$0.0 72,400
80.0 87.000
45.0 395.500
45.0 779.200
40.0 1.47E+06
40.0 2.00E+0€
35.0 1.11E+07
32.95 1.00E-08 »

(»): RUN OUT
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PECHINEY
2091-T8X PLATE
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TABLE Al8
TENSILE RESULTS AT t/2 LOCATION FOR PECHINEY

2001-T8X PLATE (0.42° X 39" X 39°7)

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (XS1I1)
NORTHROP RT LONG 71.4 60.6 10.0 16.0 11.5
71.%5 $9.9 12.0 16.0 11.4
71.8 6l1.1 11.0 16.0 11.4
71.% 60.4 10.0 11.4
72.0 60.4 11.0 11.4
72.0 60.6 9.0 11.5
GRUMMAN RT LONG 68.7 %8.2 6.0 6.2 11.8
70.0 58.2 8.5 9.2 11.9
67.6 58.4 6.5 6.8 11.1
GENERAL RT LONG 72.8 60.6 8.0
DYNAMICS, TX 72.8 60.8 7.3
AVERAGE 71.1 59.9 9.0 11.7 11.5
STANDARD DEVIATION 1.6 1.1 2.0 4.8 0.2
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TABLE Al9
TENSILE RESULTS AT t/2 LOCATION FOR PECHINEY

2091-T8X PLATE (0.42° X 39" X 39°)

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KSI)
NORTHROP RT L TRANS 72.4 S54.8 12.0 17.4 11.5
72.5 5.0 12.0 17.8 11.6
72.4 8$5.0 12.0 18.5 11.4
69.2 S1.1 15.0 11.4
09.5 51.2 17.0 11.2
69.1 50.9 16.0 11.8
GRUMMAN RT L TRANS 69.85 83.0 13.8 22.3 11.95
68.0 51.1 13.0 16.8 13.0
69.1 53.0 13.8 17.6 13.4
GENERAL RT L TRANS 71.8 55.9 11.0
DYNAMICS, TX 72.0 85.9 11.0
. AVERAGE 70.6 53.4 13.3 18.4 11.9
STANDARD DEVIATION 1.6 2.0 2.0 2.0 0.8
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TABLE A20
TENSILE RESULTS AT t/2 LOCATION FOR PECHINEY

2091-T8X PLATE (0.42° X 39" X 39°)

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E

TEMP ATION STRENGTH STRENGTH (%) %) (MS1)
(DEGREES F) (KSI) (KSI)

GRUMMAN RT 45 63.9 45.8 21.0 29.7 11.2
82.5§ 45.7 21.5 27.2 11.1
62.9 45.3 20.5 28.7 11.1
AVERAGE 83.1 45.60 21.0 28.5 11.1
STANDARD DEVIATION 0.7 0.3 0.% 1.3 0.1
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TABLE A21
TENSILE RESULTS AT t/10 LOCATION FOR PECHINBY

2091-T8X PLATE (0.42" X 39" X 39~)

COMPANY TEST ORIENT~ ULTIMATE YIELD ELONG RA E

TEMP ATION STRENGTH STRENGTH (%) (V)  (MSI)
(DEGREES F) (KSI) -(KSI)
NORTHROP RT LONG 71.6 6€0.0 10.0 11.3
71.2 9.9 10.0 11.5
71.4 60.4 10.0 11.1
' AVERAGE 71.4 60.1 10.0 11.3
STANDARD DEVIATION 0.2 0.3 0.0 0.2
TABLE A22

TENSILE RESULTS AT t/10 LOCATION FOR PECHINEY

2091-T8X PLATE (0.42" X 39" X 39")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E

TEMP ATION STRENGTH STRENGTH (%) (%)  (MSI)
(DEGREES F) (KSI) (KSI)

NORTHROP RT L TRANS 69.6 51.2 18.0 11.1
69.3 51.1 16.0 11.6
69.7 51.4 15.0 11.4
AVERAGE 69.5 51.2 16.3 11.4
STANDARD DEVIATION 0.2 0.2 1.5 0.3
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TABLE A23
TENSILE RESULTS AT t/2 LOCATION WITH 100 HOURS EXPOSURE FOR

PECHINEY 2091-T8X PLATE (0.42° X 39" X 39°)

COMPANY TEST EXPOSURE ORIENT- ULTIMATE YIELD ELONG RA
TEMP TEMP ATION STRENGTH STRENGTH (%) (%)
(DEGREES F) (DEGREES F) . (K8I) (KSI)
NORTHROP RT 300 LONG 7.7 65.8 9.0 12.3
77.7 65.9 9.0 11.6
350 LONG 75.8 70.6 7.0 15.9
76.1 70.7 7.0 18.9
375 LONG 71.3 64.7 7.0 18.5
71.6 64.8 7.0 18.1
400 LONG 66.9 58.1 7.0 18.5
66.7 $8.0 7.0 18.1
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TABLE A24
COMPRESSION RESULTS AT ¢/2 LOCATION FOR PECHINEY
2001-T8X PLATE (0.42° X 39" X 39°)

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KS1)
NORTHROP RT LONG 48.6
48.3
48.06
GRUMMAN RT LONG 48.1 11.9
50.5 11.8
48.4 11.1
GENERAL RT LONG 48.6
DYNAMICS, TX 49.2
AVERAGE 48.8 11.5
STANDARD DEVIATION 0.8 0.4
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TABLE A23
COMPRESSION RESULTS AT t/2 LOCATION FOR PECHINEY

2001-T8X PLATE (0.42° X 39° X 397)

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)
NORTHROP RT L TRANS 57.6
87.4
57.5
GRUMMAN RT L TRANS 58.3 11.9
58.2 11.2
58.9 11.6
GENERAL RT L TRANS 57.5
DYNAMICS. TX 60.9
AVERAGE 58.3 11.%5
STANDARD DEVIATION 1.2 0.3
TABLE A26

COMPRESSION RESULTS AT t/2 LOCATION FOR PECHINEY

2091-T8X PLATE (0.42° X 39" X 39°)

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KS1)
GRUMMAN RT 45 49.5 11.3
48.6 11.4
49.6 10.8
AVERAGE 49.2 11.2
STANDARD DEVIATION 0.6 0.3
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TABLE A27
RIVET SHEAR RESULTS FOR PECHINEY

2091-T8X PLATE (0.42" X 39" X 39°)

COMPANY ORIENTATION SHEAR
STRENGTH
(KST)
NORTHROP L-8 35.9
35.9
35.9
GRUMMAN L-8 36.4
38.0
37.8
AVERAGE 36.6
STANDARD DEVIATION l.0
TABLE A28

RIVET SHEAR RESULTS FOR PECHINEY
2091-T8X PLATE (0.42" X 39" X 39*)
COMPANY ORIENTATION SHEAR

STRENGTH
(KSI)

NORTHROP T-8 33.5
33.5

33.9

GRUMMAN T-S 34.6
35.9

37.2

AVERAGE 34.8

STANDARD DEVIATION 1.5
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TABLE A29
SLOTTED SHEAR RESULTS FOR PECHINEY

2091-T8X PLATE (0.42° X 39" X 39°)

COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
GENERAL LONG 41.3
DYNAMICS, TX 40.9
AVERAGE 41.1
STANDARD DEVIATION 0.3

TABLE A30

SLOTTED SHEAR RESULTS FOR PECHINEY
2091-T8X PLATE (0.42° X 39" X 397)
COMPANY ORIENTATION SHEAR

STRENGTH
(KS1I)

P R I N e e L R R R R R R R X R Y et

GENERAL L TRANS 42.6
DYNAMICS., TX 43.4

AVEP "GE 43.0

STANDARD DEVIATION 0.6
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TABLE A31
BEARING RESULTS FOR PECHINEY

2001-T8X PLATE (0.42° X 390" X 397)

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KSI) (KS1)
NORTHROP LONG 1.9 93.0 73.0
89.¢6 71.8
92.6 73.7
GRUMMAN LONG 1.5 92.9 71.9
93.8 73.0
93.4 72.1
GENERAL LONG 1.5 117.0 93.0
DYNAMICS, TX 112.0 91.4
AVERAGE 98.0 77.%
STANDARD DEVIATION 10.3 9.1
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NORTHROP

GRUMMAN

GENERAL
DYNAMICS, TX

TABLE A32
BEARING RESULTS FOR PECHINEY

2001-T8X PLATE (0.42° X 39" X 39°)

ORIENTATION e/D BEARING
ULT. STR.
(KS1)
L TRANS 1.8 99.3
98.9
97.9
L TRANS 1.8 04.9
91.9
92.8
L TRANS 1.5 97.0
97.8
AVERAGE 96.3
STANDARD DEVIATION 2.8

42

BEARING
YIELD STR.
(KSI)




TABLE A33
BEARING RESULTS FOR PECHINEY

2001-T8X PLATE (0.42° X 39" X 3907)

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (XSI)

NORTHROP LONG 2.0 119.4 8s.8
118.9 87.8

118.6 86.4

GRUMMAN LONG 2.0 113.0 85.6
115.5 86.9

114.2 87.1

GENERAL LONG 2.0 123.0 91.3
DYNAMICS., TX 122.0 94.0
AVERAGE 118.1 8e.2

STANDARD DEVIATION 3.6 2.9
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COMPANY

NORTHROP

GRUMMAN

GENERAL
DYNAMICS, TX

TABLE A34
BEARING RESULTS FOR PECHINEY
2091-T8X PLATE (0.42° X 39" X 390°)

ORIENTATION e/D BEARING
ULT. 8STR.

(KS1)

L TRANS 2.0 123.9
124.2

124.1

L TRANS 2.0 115.6
117.9

114.9

L TRANS 2.0 990.3
103.0

AVERAGE 119.3

STANDARD DEVIATION 9.6
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TABLE A3S
FRACTURE TOUGHNESS RESULTS FOR PECHINEY
2001-T8X PLATE (0.42° X 39" X 39°)

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in“0.8) (XSI in"0.5)

- P WS D A D Gh D D D R P R S W R D D D D B AR R R P WD R b S G R D G WP L R P EP D D D D R R D W WD YD U R AR A P SR D R N e S AR W A W R D AR A R e

NORTHROP L-T 27.0 VALID
28.0 VALID
GRUMMAN L-T 40.1 INVALID(1)
43.2 INVALID(1.2)
39.5 INVALID(1.,2)
GENERAL L-T 29.9 INVALID(2,3.4)
DYNAMICS, TX 29.0 INVALID(2,3.4)
AVERAGE 27.5 36.3
STANDARD DEVIATION 0.7 6.5

(1): 2.5(Kgq)~27(¥Ys)"2 > 8
(2): Pmax/Pq > 1.10

(3): INSUFFICIENT THICKNESS
(4): CRACK CURVATURE > 5%
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COMPANY

- D W P P e s P S D P D A R N TR A R R R R D A A T G A D D P P WP S YD Tk G5 D D W T YR R N e SR P T G I P D D P D D D W M .

NORTHROP

GRUMMAN

GENERAL
DYNAMICS, TX

TABLE A36

FRACTURE TOUGHNESS RESULTS FOR PECHINEY

2091-T8X PLATE

ORIENTATION

AVERAGE

STANDARD DEVIATION

(1): 2.5(Kg)"2/7/7(YS)"2 > B
(2): Pmax/Pq > 1.10

(3): INSUFFICIENT THICKNESS
(4): CRACK CURVATURE > 5%

KIC
(KSI in"0.8)

29.2

0.9

46

(0.42° X 39" X 397)

Kq
(KSI in“0.85)

40.95
43.2
38.2

27.1

INVALID(1)
INVALID(1,2)
INVALID(1.2)

INVALID(2.3)

27.0 INVALID(2.3,4)

35.2

7.6




TABLE A37
General Dynamics, Texas

Pechiney 2091-T8X Plate
(0.42" x 29" x 39")
Results of R-Curve Tests

Kqog sksi-in®

L-T 48.3
L-T 5n,?
T-L 43,2
T-L 13,2
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TABLE A38
SMOOTH FATIGUE RESULTS WITH R=0.1 AND Kt=1.0 FOR

PECHINEY 2091-T8X PLATE (0.42° X 39" X 39°)

COMPANY ORIENTATION STRESS CYCLES
(KSI)

NORTHROP LONG 60.0 31.299
50.0 84,556
45.0 135,397
45.0 140,237
40.0 242,930
37.5 1,386,890
37.95 934.697
35.0 2,000,000 »

(#): INDICATES RUN-OUT TEST
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TABLE A39
NOTCHED FATIGUE RESULTS WITH R=0.1 AND Kt=3.0 FOR

PECHINEY 2091-T8X PLATE (0.42° X 39° X 39°)

COMPANY ORIENTATION STRESS CYCLES
(XS1I)

NORTHROP LONG 45.0 13,635
40.0 26,179
3%5.0 48,930
30.0 216,536
27.8% 257,234
27.5 193.418
2%.0 474.737
23.0 940,075

(#): INDICATES SLANT FAILURE
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STRESS INTEMSITY FRNGE, [EL-Y
KS | -5RR-1N
Material: 2091-T851 Plate
Age: 335°F - 16 hrs
Environment:  Lab air, Room temperature
Orientation: L-T
Stress Ratio: 0.1
Frequency: 5 Hz

Figure A19 Fatigue Crack Growth Rate Data for 2091-T8X 0,42" Plate
(L-T orientation). General Dynamics TX,
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5TRESS INTENSITY RRAMBE, [DEL-K
K5|-58R-IN
Material: 2091-T851 Plate
Age: 335°F - 16 hrs
Environment:  Lab air, Room temperature
Orientation: T-L
Stress Ratio: 0.1
Frequency: 5 Hz

Figure A20 Fatigue Crack Growth Rate Data for 2091-T8X 0.42" Plate
(T-L orientation). Gen%réal Nynamics TX,
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Figure A21 Fatigue Crack Growth Rate Data for 2091-T8X 0.42" Plate
(T-L orientation). Geneg?)l Dynamics TX.




APPENDIX B

PECHINEY 2091-T3 AND 2091-T8X
(0.063" X 79" X 399

INTRODUCTION

The Pechiney 2091-T3 0.063-inch sheets were received the second quarter of 1986.
Three participants heat treated the 2091-T3 to a T8X temper. Grumman Aircraft Systems and
Northrop Corporation achieved the T8 condition by aging the 2091 sheet at 275°F for 12 hours
(recommended by the producer of this alloy). General Dynamics Fort Worth Division aged the
2091 sheet at 335°F for 32 hours achieving the T81 condition.

TESTING

Basic mechanical properties (tension, compression, bearing, etc.) were tested according to
ASTM standards, unless otherwise specified.

Constant amplitude fatigue crack growth tests were conducted according to ASTM E647
standard. The growth rate a-N data that was generated by the participants (Grumman,
McDonnell Aircraft Co., and Northrop) were reduced using a seven-point incremental
polynomial method. This involves fitting a second-order polynomial (parabola) to sets of seven
successive data points. The data are also checked against size requirements per ASTM E647,
Section 7.2. General Dynamics, TX performed constant amplitude fatigue crack growth tests
using a K-increasing (load increasing) method.
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2091-T3 SHEET
(0.063"x79"x79")
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TABLE Bl

TENSILE RESULTS FOR PECHINEY

2091-T3 SHEET (0.063" X 79" X 39*)

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (V)  (MSI)
(DEGREES F) (KSI) (KSI)
BOEING RT LONG 57.0 41.3 13.0
58.1 41.2 20.0
58.0 41.2 22.0
LTV RT LONG 58.8 21.5
58.6 39.0 21.0 10.7
58.2 39.4  19.5 11.0
GENERAL RT LONG 56.7 41.1 20.0 10.7
DYNAMICS, 55.9 40.3  20.0 10.7
CALIF. 56.5 41.7 18.5 10.7
NORTHROP 58.5 42.3 16.9
58.9 42.1 16.9
59.0 42.5 16.9
MCAIR RT LONG 57.5 42.6 19.0 12.0
57.0 42.4 16.0 12.1
57.5 42.4 23.0 12.2
MARTIN RT LONG 56.1 39.4 18.0 27.0
MARIETTA, 57.6 40.8 20.0 21.0
LOUISIANA 59.2 42.5 22.0 25.0
AVERAGE 57.7 41.3 19.1 24.3 11.3
STANDARD DEVIATION 1.0 1.2 2.5 3.1 0.7

63




TABLE B2
TENSILE RESULTS FOR PECHINEY

2091-T3 SHEET (0.063" X 79" X 39")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (8) (%) (MSI)
(DEGREES F) (KSI) (KSI)
BOEING RT L TRANS 60.8 41.5 16.0
61.4 41.5 17.0
60.8 41.6 16.0
NORTHROP RT L TRANS 62.0 41.9 17.0
62.7 41.6 16.8
62.0 42.0 17.1
LTV RT L TRANS 6l1.7 40.0 17.0 10.7
61.6 39.9 18.5 10.6
61.9 39.3 16.5 11.0
GENERAL RT L TRANS 60.0 41.3 22.0 10.9
DYNAMICS, 60.2 41.2 21.0 10.9
CALIF. 59.7 41.4 20.0 10.9
MCAIR RT L TRANS 62.0 42.2 17.0 12.0
60.5 42.7 17.0 12.0
60.5 41.9 18.0 12.1
MARTIN RT L TRANS 60.8 41.2 17.0 27.0
MARIETTA, 60.5 40.8 16.0 21.0
LOUISIANA 60.3 40.9 16.0 24.0
AVERAGE 61.1 41.3 17.6 24.0 11.2
STANDARD DEVIATION 0.9 0.9 1.8 3.0 0.6
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TABLE B3
COMPRESSION RESULTS FOR PECHINEY

2091-T3 SHEET (0.063" X 79" X 39")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)
BOEING RT LONG 39.4
39.6
39.9
LTV RT LONG 41.4 10.6
41.4 10.6
GENERAL RT LONG 38.7 11.7
DYNAMICS, 38.9 12.0
CALIF. 39.1 12.0
AVERAGE 39.8 11.4
STANDARD DEVIATION 1.0 0.7
TABLE B4

COMPRESSION RESULTS FOR PECHINEY

2091-T3 SHEET (0.063" X 79" X 39")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (KSI)
BOEING RT L TRANS 44.6
44.7
44.5
LTV RT L TRANS 45.9
45.2
45.3
GENERAL RT L TRANS 42.7 11.8
DYNAMICS, 44.3 11.5
CALIF.
AVERAGE 44.7 11.7
STANDARD DEVIATION 1.0 0.2
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TABLE BS
PUNCH SHEAR RESULTS FOR PECHINEY

2091~T3 SHEET (0.063" X 79" X 39")

COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
BOEING S TRANS 36.0
36.5
36.0
AVERAGE 36.2
STANDARD DEVIATION 0.3
TABLE B6

SLOTTED SHEAR RESULTS FOR PECHINBY

2091-T3 SHEET (0.063" X 39" X 397)
COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
BOEING LONG 39.8
39.0
36.9
LTV LONG 38.3
38.6
37.9
MCAIR LONG 38.1
37.9
38.2
AVERAGE 38.3
STANDARD DEVIATION 0.8
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COMPANY

TABLE B7
SLOTTED SHEAR RESULTS FOR PECHINEY
2091-T3 SHEET (0.063" X 39" X 39")
ORIENTATION SHEAR

STRENGTH
(KSI)

BOEING

LTV

MCAIR

T-1L 36.8
40.1
36.4

T-1L 40.0
40.5

40.5

T~-1L 39.2
37.9

39.0

AVERAGE 38.9

STANDARD DEVIATION 1.5
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TABLE BS

BEARING RESULTS FOR PECHINEY

2091-T3 SHEET (0.063" X 79" X 39*)

COMPANY ORIENTATION ¢/D BEARING BEARING
ULT. STR.  YIELD STR.
(KSI) (KSI)
BOEING LONG 1.5 88.9 61.4
90.2 63.0
90.3 63.5
LTV LONG 1.5 90.4 8.9
88.5 61.2
89.3 61.4
GENERAL LONG 1.5 88.6 66.6
DYNAMICS, 88.1 64.0
CALIF. £ 90.0 64.0
AVERAGE 89.4 62.7
STANDARD DEVIATION 0.9 2.2
TABLE B9
BEARING RESULTS FOR PECHINEY
2091-T3 SHEET (0.063" X 79" X 39")
COMPANY ORIENTATION e/D BEARING BEARING
' ULT. STR.  YIELD STR.
(KSI) (KSI)
BOEING L TRANS 1.5 92.9 62.6
93.1 63.3
93.1 63.3
LTV L TRANS 1.5 91.0 60.5
92.1 59.7
92.2 61.8
GENERAL L TRANS 1.5 90.3 65.7
DYNAMICS, 88.5 62.3
CALIF. 87.9 64.0
AVERAGE 91.2 62.6
STANDARD DEVIATION 2.0 1.8

68




TABLE B10
BEARING RESULTS FOR PECHINRY

2091-T3 SHERT (0.063" X 79" X 39%)

COMPANY ORIENTATION e/D BEARING BEARING
ULT. S8TR. YIELD STR.
(KSI) (KSI)
BOEBING LONG 2.0 115.2 75.6
115.8 76.1
115.3 76.2
LTV LONG 2.0 111.6 77.3
111.0 76.4
112.5 76.9
GENERAL LONG 2.0 115.6 76.8
DYNAMICS, 114.3 73.2

CALIF. )
MCAIR LONG 2.0 73.5
73.9
AVERAGE 113.9 75.6

STANDARD DEVIATION 1.9
TABLE Bll
BEARING RESULTS FOR PECHINEY

2091-T3 SHEET (0.063" X 79" X 39")
COMPANY ORIENTATION e/D BEARING BEARING
ULT. S8TR. YIELD STR.
{KSI) (KSI)
BOEING L TRANS 2.0 118.8 76.5
115.2 75.4
LTV L TRANS 2.0 111.1 75.9
114.1 78.8
116.0 75.1
GENERAL L TRANS 2.0 120.6 76.8
DYNAMICS, 115.9 81.8
CALIF. 111.7 80.3
MCAIR L TRANS 2.0 76.5
72.7
AVERAGE 115.4 77.0
STANDARD DEV1ATION 3.2 2.7
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TABLE Bl2
General Dynamics, CA

ASTM ES61 R Curve CCT AlLi B-5-LT-1
= 399 in Fty= 41.10 ksi
= 0.0644 in Pmax= 75401b
= 1.255in
= 0.6275 in
Loads
aeff 5000 7540 10000 Load ag‘%? lﬁlstic aeff K
0.6 28 43 3T . X X
0.6 29 44 58 200 0.7225 0.0002 0.7227 1
0.7 30 45 59 600 0.7225 0.0014 0.7239 4
0.7 30 46 61 1000 0.7225 0.0038 0.7263 6
0.7 31 47 62 1400 0.7225 0.0075 0.7300 9
0.7 32 48 64 1800 0.7225 0.0124 0.7349 12
0.8 33 49 65 2200 0.7225 0.0186 0.7411 14
0.8 33 51 67 2600 0.7225 0.0259 0.7484 17
0.8 34 52 69 2800 0.7250 0.0302 0.7552 18
0.8 35 53 70 3200 0.7250 0.0395 0.7645 21
0.9 36 54 [ 3600 0.7250 0.0499 0.7749 24
0.9 37 55 73 4000 0.7275 0.0619 0.7894 27
0.9 38 57 75 4400 0.7275 0.0750 0.8025 30
0.9 38 58 77 4600 0.7275 0.0819 0.8094 32
1.0 39 59 78 4800 0.7300 0.0896 0.8196 33
1.0 40 60 80 5200 0.7300 0.1052 0.8352 37
1.0 41 62 82 5600 0.7300 0.1220 0.8520 40
1.0 42 63 84 5800 0.7300 0.1309 0.8609 42
1.1 43 65 86 6000 0.7450 0.1440 0.8890 45
1.1 44 66 88 6200 0.7450 0.1538 0.8988 46
1.1 45 68 90 6400 0.7600 0.1685 0.9285 49

6800 0.7600 0.1902 0.9502 53
7000 0.7700 0.2053 0.9753 56
7200 0.7700 0.2172 0.9872 58
7400 0.7850 0.2359 1.0209 62

Kc = 61.8 Ksi +/iN

70




‘WD ‘SOTURUAQ TeIBUDD (LT) IBNS LE90°0 tL-TG0Z 203 SITNSH dAINO-Y 19 bl

(e
Ul o't 60 80 Lo 90

0

ot

o

Dl e ot
00001 — oy

A

ovsL — 0s
000S - ™
oL

08

06

1-17-S-4 "93dg ‘rT-wny
uey) sMnD-¥ 1953 WISV

71



TARLE Bl3
General Dynamics, CA

ASTM ES61 R Curve CCT AlLi B-5-LT-2
W= 3995in Fty= 41.10 ksi
B= 0.0647 in Pmax= 7250 1b
a= 1255in
a2= 0.6275 in
Loads
aeff 5000 7250 10000 Load a a plastic aeff K
0.6 28 31 36 —Tu%—o‘m—mm—v X
0.6 29 42 58 200 0.7250 0.0002 0.7252 1
0.7 30 43 59 600 0.7250 0.0014 0.7264 4
0.7 30 44 61 1000 0.7250 0.0038 0.7288 6
0.7 31 45 62 1400 0.7250 0.007S 0.7325 9
0.7 32 46 64 1800 0.7250 0.0124 0.7374 12
0.8 33 47 65 2200 0.7250 0.0185 0.7435 14
0.8 33 48 67 2600 0.7250 0.0258 0.7508 17
0.8 34 49 68 2800 0.7250 0.0299 0.7549 18
0.8 35 51 70 3200 0.7250 0.0391 0.7641 21
0.9 36 52 n 3600 0.7250 0.0494 0.7744 24
0.9 36 53 73 4000 0.7275 0.0613 0.7888 27
0.9 37 54 75 4200 0.7275 0.0676 0.7951 29
0.9 38 55 76 4400 0.7300 0.0746 0.8046 30
1.0 39 57 78 4600 0.7300 0.0815 08115 32
1.0 40 58 80 4800 0.7300 0.0887 0.8187 33
1.0 41 59 82 5200 0.7300 0.1041 0.8341 37
1.0 42 60 83 5600 0.7300 0.1208 0.8508 40
1.1 43 62 85 5800 0.7300 0.1296 0.8596 42
1.1 44 63 87 6000 0.7300 0.1387 08687 44
1.1 45 65 89 6200 0.7325 0.1488 0.8813 46

6400 0.7325 0.1585 0.8910 47
6800 0.7375 0.1806 0.9181 52
7000 0.7450 0.1941 09391 54
7200 0.7550 0.2092 09642 57

Kc = 56.9 Ksi vin
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TABLE Bl4
General Dynamics, CA

ASTM ES61 R Curve CCT AlLi B-5-LT-3

W= 3992in Fry= 41.10 ksi

B= 0.0642 in Pmax= S8751Ib

a= 12600 in

2= 0.6300in

Loads

aeff 4000 5875 8000 Load a s 3 aeff K
0.6‘ 23 33 ey ——n—a%'o“ﬁr'um X X
0.6 23 34 47 200 0.727S 0.0002 0.7277 1
0.7 24 35 48 600 0.7275 0.0014 0.7289 4
0.7 24 36 49 1000 0.7275 00039 07314 6
0.7 25 37 S0 1400 0.7275 0.0076 0.7351 9
0.7 26 38 51 1800 0.727S 0.0126 0.7401 12
0.8 26 39 s3 2000 0.7275 0.0156 0.7431 13
0.8 27 40 54 2200 0.7275 0.0189 0.7464 14
0.3 28 40 55 2600 0.7275 0.0264 0.7539 17
0.8 28 41 56 3 0.7275 0.0351 0.7626 20
0.9 29 42 58 3400 0.7275 0.0451 0.7726 23
0.9 29 43 59 3800 0.7275 0.0563 0.7838 26
0.9 30 44 60 4200 0.7275 0.0688 0.7963 29
0.9 31 45 62 4400 0.7275 0.07S5 0.8030 30
1.0 31 46 63 4600 0.727S 0.0825 0.8100 32
1.0 32 47 64 4800 0.7275 0.0899 0.8174 34
1.0 33 48 66 5000 0.7278 0.0975 0.8250 35

5:00 0.7275 0.1055 0.8330 37
5400 0.7275 0.1137 0.8412 39
5600 0.7275 0.1223 0.8498 40
5800 0.7275 0.1312 0.8587 42

=Ko mbrdrt—iutiA Specimen failed

in doubler region
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TABLE B15
General Dynamics, CA

ASTM ES61 R Curve CCT Al-Li B-5-TL-1

W= 3995 in Fty= 41.10 ksi

B= 0.0649 in Pmax= 7290 1b
a= 1.25 in

a2= 0.625in

Loads

aeff 5000 7290 10000 Load a (half) aplastic aeff K
0.6 28 41 56 0 0.6230 d'mm 06250 0
0.6 29 42 58 200 0.7400 0.0002 0.7402 1
0.7 30 43 59 600 0.7400 0.0014 0.7414 4
0.7 30 44 60 1000 0.7400 0.0039 0.7439 6
0.7 31 45 62 1400 0.7400 0.0076 0.7476 9
0.7 32 46 63 1600 0.7425 0.0100 0.7525 10
0.8 32 47 65 2000 0.7425 0.0157 0.7582 13
0.8 33 48 66 2400 0.7425 0.0226 0.7651 16
0.8 34 50 68 2800 0.7425 0.0307 0.7732 19
0.8 35 51 70 3200 0.7425 0.0401 0.7826 21
0.9 36 52 )\ 3600 0.7425 0.0508 0.7933 24
0.9 36 53 73 4000 0.7425 0.0627 0.8052 27
0.9 37 54 74 4400 0.7425 0.0759 0.8184 30
0.9 38 55 76 4600 0.7425 0.0829 0.8254 32
1.0 39 57 78 4800 0.7450 0.0907 0.8357 34
1.0 40 58 80 5000 0.7475 0.0989 0.8464 35
1.0 41 59 81 5200 0.7525 0.1079 0.8604 37
1.0 42 61 83 5600 0.7525 0.1252 0.8777 41
1.1 43 62 85 6000 0.7525 0.1437 0.8962 44
1.1 4 63 87 6200 0.7550 0.1542 09092 47
1.1 45 65 89 6400 0.7575 0.1650 0.9225 49

6600 0.7575 0.1755 09330 51
6800 0.7625 0.1881 0.9506 53
7000 0.7625 0.1993 0.9618 55
7200 0.7950 0.2238 1.0188 60

Kc = 59.6 Ksi+vin
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TABLE Bl16

General Dynamics, CA

ASTM ES61 R Curve CCT Al-Li B-5-TL-2

= 3992in Fty = 41.10 ksi

= 0.0646 in Pmax= 7450 1b

a= 1.2550in

= 0.6275 in

Loads

aeff 5000 7450 10000 Load a(half) a plastic aeff K
0.6 28 47 36 = 0 0.6215 dbom 068275 O
0.6 29 43 58 200 0.7275 0.0002 0.7277 1
0.7 30 44 59 400 0.7275 0.0006 0.7281 3
0.7 30 45 61 600 0.7325 0.0014 0.7339 4
0.7 31 46 62 1000 0.7325 0.0039 0.7364 6
0.7 32 48 64 1400 0.7325 0.0076 0.7401 9
0.8 33 49 65 1800 0.7325 0.0126 0.7451 12
0.8 33 50 67 2200 0.7325 0.0188 0.7513 14
0.8 34 51 - 68 2600 0.7325 0.0263 0.7588 17
0.8 35 52 70 3000 0.7325 0.0350 0.7675 20
0.9 36 53 72 3400 0.7325 0.0450 0.7775 23
0.9 37 55 73 3600 0.7425 0.0513 0.7938 24
0.9 37 56 75 3800 0.7425 0.0572 0.7997 26
0.9 38 57 77 4000 0.7450 0.0637 0.8087 28
1.0 39 58 78 4200 0.7450 0.0702 0.81S2 29
1.0 40 60 80 4400 0.7525 0.0781 0.8306 31
1.0 41 61 82 4600 0.7525 0.0854 0.8379 33
1.0 42 62 84 4800 0.7550 0.0934 0.8484 34
1.1 43 64 86 5400 0.7550 0.1183 0.8733 39
1.1 44 65 88 5600 0.7575 0.1278 0.8853 41
1.1 45 67 90 6000 0.7575 0.1467 09042 45

6200 0.7600 0.1573 09173 47
6400 0.7600 0.1677 0.9277 49
6600 0.7675 0.1808 0.9483 52
6800 0.7725 0.1937 0.9662 54
7000 0.7800 0.2081 0.9881 57
7200 0.7875 0.2232 1.0107 59
7400 0.8025 0.2423 1.0448 €3

Ke = 63.0 Ksi Vin
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ASTM ES61

R Curve

TABLE Bl7

Fty= 41.10 ksi
Pmax= 7290 Ib

===~ 00000000000 00¢
—t et OO QO VVOVOWVONOO0000 -] ~d~d)

7290 10000
Z§| 37
42 58
43 60
45 61
46 63
47 64
48 66
49 67
50 69
51 70
52 72
.54 74
55 75
56 77
57 79
59 80
60 82
61 84
63 86
64 88
66 90

General Dynamics, CA
CCT AI-Li B-5-TL-3

0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250
0.7250

55.4 KsiVir

Load a (half) aﬁlsﬁc aeff K

1

4

6

9
12
13
16
18
21
24
26
29
32
33
37
40
42
44
47
49
51
53
55
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TABLE B}8

MCAIR
2 1 1 F }

SPECIMEN  ORIEWIATION  SLOT LEWGTH  PRCCRACK LEWSTH  FINAL CR3TK CENSTH (ORD AT FRILURL  PLANE SIRESS FRACTURE

1O IFICATION 0 () 1) 2, (I ) TOVGHAESS, e, CKSTCIN®.9)
1 - 1.9915 2,100 2,980 10,90 5.0
2 1,995 2.1000 2.6 10,9%0 5.4
AUERRGC - — oo L0 §2.2
3 LU 1,992 2.0993 .02 o M0 5.1
4 1.9%5 R(H 2105 19,900 %.9
RIERAGL e oeeene e 10,90 .5

DATR COLLECTED AND REDUCED PER ASIM SIANCARD TEST METHOD [S61-81,

The four toughness specimens were tested in accordance with
RSTM Standard Test Method ES561-81. The specimens were
precracked to a total crack length, 2a, equal to 35X of the
width, as is required per the standard. A stress ratio of
0.1 uwas used for precracking. The specimens were statically
failed using a loading rate of 3000 pound/minute.
Cathetometers were used to monitor crack length during static
loading to determine the final crack length, at failure,
which 1s required for toughness calculations. Table B%8
presents toughness test data. Rll four specimens had a plane
stress toughness value in the range of 56 to 57 ksidin)>*.5.
It should be noted that no plastic zone corrections were
incorporated into the toughness calculations.
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R-CURVE FOR 2091 SHEET (longitudinal)
(effective crack iength adjusted for plastic zone)
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TABLE B19
Martin Marietta, IA

DATA FOR SPECIMEN NO. 4, 2091
LONGITUDINAL SHEEY

| | i

| | Half | Corresponding Fracture

| Half Crack | Crack Length, | Toughness, ksi «/inch

Load, kips | Length I (c + rho) | Not Adjusted | Adjusted for

% {c) inch = inch : % Plasticity

| | 1 |
0.0 | 1.215 I 1.215 | 0.0 | 0.0
1.17 I 1.215 I 1.217 | 4.81 | 4.55
2.54 | 1.220 | 1.229 | 10.47 | 9.86
3.7 | 1.270 | 1.294 | 15.69 I 15.85
4.79 | 1.295 | 1.336 | 20.5) | 20.87
5.76 | 1.300 [ 1.361 | 264.73 | 25.35
7.08 I 1.310 | 1.406 | 30.54 | 31I.Nn
§.2] | 1.310 | 1.442 | 35.642 | 37.24
9.38 | 1.31% | 1.493 | 40 .56 | 43.3)
10.41 | 1.320 | 1.560 | 45.13 | 50.26
11.28 | 1.320 | 1.615 I 48.90 | 55.05
12.07 | 1.3¢5 | 1.680 | 52.45 | 61.05
12.70 | 1.330 | 1.756 | 55.30 | 66 .92
13.29 ! 1.330 | 1.82] | 57.90 | 71.84
13.78 | 1.340 | 1.919 | 6C.33 | 78.02
14.1¢ | 1.3645 | 1.986 I 61.97 I 82.10
14.51 | 1.365 | 2.159 I 64.3C | 91.36
14.80 I 1.37C | 2.381 I 65.74 |  103.09
Thickness = ,0€3 inch
Yield = &0.5 ksi

§.0C inch

Specimer. hidth




TABLE B20
Martin Marietta, IA

DATA FOR SPECIMEN NO. 5 2091
LONGITUDINAL SHEET

K] | )
| | Half | Corresponding Fracture
| Half Crack | Crack Length, | Toughness, ksi / inch
Load, kips | Length | (c + rho) Not Iagusfea | Iﬁﬁustea for
% (c) inch } inch | = Plasticity
| | 1
0.0 | 1.220 | 1.220 | 0.0 | 0.0
1.06 | 1.220 | 1.2¢2 | 4.37 | 4.12
2.09 | 1.220 | 1.226 | 8.62 | 8.12
3.45 | 1.295 | 1.317 | 14.90 | 15.04
4.67 | 1.300 | 1.340 | 20.05 | 20.36
5.55 i 1.305 { 1.36¢ { 23.88 | 24.45
6.53 | 1.310 | 1.390 | 28.17 | 29.C9
7.62 | 1.310 | 1.442 | 32.87 | 34.33
8.52 | 1.310 | 1.453 | 36.76 } 38.80
9.54 | 1.310 I 1.494 | 41.16 | 44.03
10.3¢ | 1.315 | 1.549 | 44 .63 | 49.59
11.14 | 1.315 | 1.599 | 48.17 | 54.60
11.74 | 1.315 | 1.640 | 50.77 | 55.47
12.39 | 1.320 | 1.699 | 53." | 63.08
13.1¢ | 1.330 | 1.80$ | 57.46 | 70.97
13.71 | 1.33¢8 | 1.891 | 59.77 | 76.77
14.71 | 1.335 | 1.974 | 61.88 / | 8.5
14.5¢ | 1.360 | 2.076 | 63.57 | 87.94
14.79 | 1.355 | 2.262 | 65.22 | 97.062
Thickness = 063 inch
Yield = 40.9 ksi

Specimen Wiath = §.00 inch /




TABLE B2l
Martin Marietta, 1A

DATA FOR SPECIMEN NO. 6 2091
TRANSVERSE SHEET

| | I

| | Half | Corresponding Fracture

| Half Crack | Crack Length, | Toughness, ksi v inch

Load, kips | Length | (c+rho) TNot Ii?usfea [ Adjusted for

‘ (c) inch = inch % ‘ Plasticity

| I | |
0.0 I 1.215 | 1.215 I 0.0 | 0.0
2.19 | 1.215 | 1.222 | 9.01 | 8.49
3.50 | 1.220 | 1.238 I 14.43 | 13.60
5.47 | ¥.2¢20 | Y.2N | 22.56 | 23.05
7.0V | 1.28¢ | 1.373 | 29.79 | 3G.90
6.75 | 1.295 I 1.445 | 37.47 | 39.65
10.16 | 1.300 I 1.521 I 43.6 | 48.23
11.43 | 1.300 | 1.605 | 49.19 I 56.11
12.43 | 1.305 | 1.680 | 53.49 | 62.77
13.31 | 1.305 | 1.761 | 57.28 | 70.74
13.95 | 1.320 | 1.906 | 60.48 | 78.51
14.2) | 1.327 | 1.965 | 61.83 | 61.87
14.42 | 1.330 | 2.0z28 | 62 .8¢ | 85.66
14.62 | 1.395 I 3.433 | 65.73 | 146.00
Thickness = 063 inch
Yield = - 40,9 ksi

Specimen whidth = 8.00 inch

87




TABLE B22
Martin Marietta, IA

DATA FOR SPECIMEN NO. 7 2091
TRANSVERSE SHEET

| I | :
| | Half | Corresponding Fracture
| Half Crack | Crack Length, | Toughness, ksi . inch
Load, kips | Length | (c+rho) T ot Id}usted I Adjusted for
: (c) inch i inch : = Plasticity
| ,
| ] | |
0.0 I 1.225 | 1.225 | 0.0 | 0.0
1.52 | 1.225 | 1.228 | 6.26 | 5.9¢
3.00 | 1.225 | 1.238 | 12.40 I 11.66
4.51 | 1.225 | 1.259 | 18.65 | 18.92
7.00 | 1.260 | 1.324 | 25.20 | 25.94
7.50 { 1.275 | 1.380 i 31.81 | 33.16
9.1 | 1.305 | 1.470 | 39.20 | 4) .69
10.51 [ 1.305 | 1.547 | 45.23 | 50.43
11.86 | 1.305 | 1.635 | 51.04 | 58.91
12.74 | 1.310 I 1.729 | 54.96 | 66.33
13.40 | 1.320 | 1.617 | 58.09 | 72.27
13.86% | 1.360 | 1.977 | 61.40 | 80.55
14.28 | 1.37% | 2.107 | 63.58 | 87.73
14.56 ! 1.390 I 2.249 | 65.30 I 97.73
14.77 | 1.400 | 3.245 | 66 .56 I 139.00
Thickness = ,063 inch
Yield = 40.9 ksi

Specimen hictr = &.00 inch
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TABLE B23
PATIGUE RESULTS WITH R=0.1 AND Kt=1.0 FOR

PECHINEY 2091-T3 SHERT (0.063" X 79" X 39*)

COMPANY ORIENTATION STRESS CYCLES
(KSI)

GENERAL LONG 21.8 10,000,000

DYNAMICS, 25.0 1,888,000

CALIF. 27.0 10,140,000
30.0 303,000
32.0 363,000
35.0 143,000
38.0 122,000

(*) s INDICATES A RUN-OUT TEST

TABLE B24
FATIGUE RESULTS WITH R=0.1 AND Kt=3.0 FOR
PECHINEY 2091-T3 SHEET (0.063" X 79" X 39*)

COMPANY ORIENTATION STRESS CYCLES
(KSI)

GENERAL LONG 10.0 10,000,000

DYNAMICS, 12.0 319,000

CALIF. 13.0 10,330,000
13.5 193,000
14.5 158,000
16.0 163,000
20.0 47,000
25.0 15,000

(*): INDICATES A RUN-OUT TEST

*

4




TABLE B2S
PATIGUE RESULTS WITH R=0.1 AND Kt=2.8 FOR

PRECHINEBY 2091-T3 SHEET (0.063" X 79" X 39%)

COMPANY ORIENTATION STRESS CYCLES
(KSI)

LTV LONG 15.4 1,000,000
15.4 410,760
15.5 700,100
16.5 192,020
16.5 236,950
18.5 202,250
18.7 203,450
19.0 155,800
22.1 83,190
22.4 76,450
22.4 49,000

(*): INDICATES A RUN-OUT TEST

(#): INDICATES SPECIMEN FAILED IN GRIP

TABLE B26
FATIGUE RESULTS WITH R=0.1 AND Kt=2.8 FOR
PECHINEY 2091-T3 SHEET (0.063" X 79" X 39*)

COMPANY ORIENTATION STRESS CYCLES
(KSI)

LTV L TRANS 15.5 1,500,000
16.0 369,700
18.7 94,490
18.7 138,430
22.1 84,900
22.5 52,100

(*): INDICATES A RUN-OUT TEST
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Figure Bl4 Fatique Crack Growth Rate Data for Pechinev 2091-T3
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2091-T8X SHEET
(0.063"x79"x79")
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TABLE B27

TENSILE RESULTS FPOR PECHINEY
2091-T8X SHEET (0.063" X 79" X 39")
COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA  MODULUS
TEMPERATURE  ATION STRENGTH STRENGTH (8) (%) (MSI)
(DEGREES F) (KST) (KSI)
NORTHROP RT LONG 62.3 47.5 15.6 11.1
63.0 47.4 16.5 1.1
63.1 47.7 18.3 10.5
GRUMMAN RT LONG 61.8 47.3 15.5 10.9
61.8 47.7 16.5 11.2
62.8 47.3 15.5 11.6
GENERAL RT LONG 65.6 49.7 14.1
DYNAMICS, 64.7 49.1 14.1
TEXAS
AVERAGE 63.2 48.0 15.8 11.1
STANDARD DEVIATION 1.3 0.9 1.4 0.4
TABLE B28
TENSILE RESULTS FOR PECHINEY
2091-T8X SHEET (0.063" X 79" X 39")
COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA  MODULUS
TEMPERATURE ATION STRENGTH STRENGTH (8) (%)  (MSI)
(DEGREES F) (KSI) (KSI)
NORTHROP RT L TRANS 65.9 47.5 14.3 11.0
66.0 47.6 13.6 11.4
66.6 48.0 14.0 11.2
GRUMMAN RT L TRANS 64.4 46.3 12.0 11.0
64.6 46.6 15.0 11.4
64.8 46.7 14.0 11.5
GENERAL RT L TRANS 67.2 50.2 11.0
DYNAMICS, 67.5 50.7 10.4
TEXAS
AVERAGE 65.9 48.0 13.0 11.3
STANDARD DEVIATION 1.2 1.7 1.7 0.2
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TABLE B29
COMPRESSION RESULTS FOR PECHINEY

2091-T8X SHEET (0.063" X 79" X 39%)

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES P) (KSI) (MST)
NORTHROP RT LONG 46.8 11.6
46.7 11.5
46.9 11.5
GRUMMAN RT LONG 45.3 11.6
47.9 11.5
46.3 11.5
GENERAL RT LONG 48.8
DYNAMICS, 49.7
TEXAS
AVERAGE 47.3 11.5
STANDARD DEVIATION 1.4 0.1
TABLE B30
COMPRESSION RESULTS FOR PECHINEY
2091-T8X SHEET (0.063" X 79" X 39")
COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KST) (MST)
NORTHROP RT L TRANS 53.0 11.5
52.7 11 5
53.0 11.3
GRUMMAN RT L TRANS 51.3 11.2
51.3 11.4
52.3 11.7
GENERAL RT L TRANS 53.1
DYNAMICS, 53.7
TEXAS
AVERAGE 52.5 11.4
STANDARD DEVIATION 0.9 0.2
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TABLE B31

COMPRESSION RESULTS FOR PECHINEY

2091-T8X SHEET (0.063" X 79" X 39")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS

(DEGREES F) (KSI) (MSI)

GRUMMAN RT 45 44.6 11.4
45.5 11.3

45.2 11.4

AVERAGE 45.1 11.4

STANDARD DEVIATION 0.5 0.1

99




TABLE B32
SLOTTED SHEAR RESULTS FOR PECHINEY

2091-T8X SHERT (0.063" X 79" X 39")

COMPANY ORIENTATION SHEAR

STRENGTH

(XsI)

NORTHROP LONG 39.4

35.5

39.6

GRUMMAN LONG 38.2

40.0

39.1

GENERAL LONG 40.9

DYNAMICS, 42.0
TEXAS

AVERAGE 39.3

STANDARD DEVIATION 1.9

TABLE B33
SLOTTED SHEAR RESULTS FOR PECHINEY
2091-T8X SHEET (0.063" X 79" X 39")

COMPANY ORIENTATION SHEAR

STRENGTH

(K8I)

NORTHROP L TRANS 41.8

41.9

41.9

GRUMMAN L TRANS 41.1

41.7

40.7

GENERAL L TRANS 38.4

DYNAMICS,

TEXAS

AVERAGE 41.1

STANDARD DEVIATION 1.3
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TABLE R34

BEARING RESULTS FOR PECHIMNEY

2091-T8X SHEET (0.063" X 79" X 39%)

COMPANY ORIENTATION e/D BEARING BEARING

ULT. STR. YIELD STR.

(KSI) (KSI)

NORTHROP LONG 1.5 94.9 67.6

94.9 68.3

94.9 67.2

GRUMMAN LONG 1.5 91.7 65.5

91.7 65.4

91.7 66.2

GENERAL LONG 1.5 88.6 75.6

DYNAMICS, 93.8 78.2
TEXAS

AVERAGE 92.8 69.3

STANDARD DEVIATION 2.3 4.9

TABLE B3S
BEARING RESULTS FOR PECHINEY
2091-T8X SHEET (0.063" X 79" X 39%)

COMPANY ORIENTATION e/D BEARING BEARING

ULT. STR. YIELD STR.

(KSI) (KSI)

NORTHROP L TRANS 1.5 96.3 67.6

96.3 67.1

96.2 68.0

GRUMMAN L TRANS 1.5 91.9 65.0

92.4 66.7

93.1 66.5

GENERAL L TRANS 1.5 92.9 78.8

DYNAMICS, 92.3 78.5
TEXAS

AVERAGE 93.9 69.8

STANDARD DEVIATION 2.0 5.5
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TABLE B36
BEARING RESULTS FOR PECHINEY

2091-T8X SHEET (0.063" X 79" X 39")

COMPANY ORIENTATION e/D BEARING BEARING

ULT. 8TR. YIELD STR.

(X8I) (K8I)

NORTHROP LONG 2.0 117.2 80.0

118.6 79.8

117.1 81.5

GRUMMAN LONG 2.0 116.4 79.2

116.4 78.7

116.4 78.6

GENERAL LONG 2.0 106.0 88.1

DYNAMICS, 117.0 92.2
TEXAS

AVERAGE 115.6 82.3

STANDARD DEVIATION 4.0 5.1

TABLE B37
BEARING RESULTS POR PECHINEY
2091-T8X SHEET (0.063" X 79" X 39°%)

COMPANY ORIENTATION e/D BEARING BEARING

ULT. STR. YIELD STR.

(KSI) (KSI)

NORTHROP L TRANS 2.0 120.4 81.6

120.1 84.0

118.6 82.0

GRUMMAN L TRANS 2.0 121.8 83.2

120.0 8l1.8

117.6 80.8

GENERAL L TRANS 2.0 114.0 95.8

DYNAMICS, 105.0 93.6
TEXAS

AVERAGE 117.2 85.4

STANDARD DEVIATION 5.5 5.9
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TABLE B38
General Dynamics, Texas
Pechiney 2091-T81 Sheet

(0.063" X 79" X 39")
Average Results of R-Curve Tests

KRosksicin
LT 91.2
TL 814
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APPENDIX C
PECHINEY
2091-T6 PRECISION FORGING

INTRODUCTION

The Pechiney 2091-T6 precision forgings were received the third quarter of 1986. Five
participants tested this material; Boeing Commercial Airplane Company, General Dynamics Fort
Worth Division, Lockheed Aeronautical Systems Company, Martin Marietta Manned Space
Systems and Northrop Corporation. Forging Dimensions are shown in Figure C1.

TESTING

Basic mechanical properties (tension, compression, bearing, etc.) were tested according to
ASTM standards, unless otherwise specified.

Constant amplitude fatigue crack growth tests were conducted according to ASTM E647
Standard. The growth rate a-N data that was generated by the participant, Northrop Corporation,
was reduced using a seven-point incremental polynomial (parabola) to sets of seven successive
data points. The data are also checked against size requirements per ASTM E647, Section 7.2.
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Figure Cl1 2091-T6 Precision Die Forging Dimensioms.
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TABLE Cl
TENSILE RESULTS AT t/2 LOCATION FOR
PECHINEY 2091-T6 FORGINGS

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA MODULUS COMMENT
TEXP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) . (K81) (KS1)
BOEING RT LONG 73.6 65.3 4.0
77.9 66.8 5.0
82.2 72.3 8.0
NORTHROP RT LONG 81.3 9.4 10.0 9.0 11.2 (1), (2)
82.8 72.1 9.0 7.8 11.4 (2)
83.1 73.0 8.0 6.4 11.4 (2)
8%5.9 76.7 8.0 7.5 11.1 (2)
80.2 6¢.8 8.0 7.1 11.95 (2)
85.0 75.5 8.0 7.4 11.3 (2)
1.7 72.7 5.0 4.5 11.2 (3)
81.6 71.8 7.0 5.7 11.3 (3)
67.1 58.4 3.0 2.0 11.2 (4)
€8.0 $56.6 4.0 3.3 11.2 (4)
GENEEAL ) 4 LONG 84.4 73.5 6.7
DYNAMICS, 84.0 73.0 6.8
TEXAS
LOCKHZED, ET LOXNG 83.9 72.7 9.0 12.€
GECGRGIA 8C.1 6e.4 8.0 i2.§%
80.9 68.9 9.0 11.5
83.9 72.4 8.0 11.1
83.7 72.7 9.0 11.8
MART: RT LONG 74.6 66.4 2.0 6.0 il.4
MARIETTA. 81.3 68.7 5.0 10.0 11.8
LOUISIANA 77.9 63.2 5.0 10.0 1l1.8
AVERAGE 80.2 69.7 6.8 6.6 11.85
STANDARD DEVIATION S.0 5.0 2.2 2.4 0.5

(1): INDICATES THAT THE SPECIMEN FAILED OUTSIDE THE GAGE MARKS
(2): SPECIMEN REMOVED FROM THE FORGING BASE

(3): SPECIMEXN REMCVED FROM THE FORGING SIDE WALL

(4): SPECIMEN REMOVED FROM THE FORGING END WALL
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TABLE C2
TENSILE RESULTS AT ¢/2 LOCATION FOR
PECHINEY 2001-T6 FOROGINGS

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA MODULUS COMMENT
TEMP ATION STRENOTR STRENOTH (X) (%) (MSD)
(DEGREES F) IXs1) (X$1)
MORTHROP 2T L TRANS 66.4 11.2 (1),(2)
7.6 70.9 8.0 11.4 (2)
63.8 11.3 (1), (2)
78.0 ¢8.3 3.0 11.2 (1).(2)
60.6 1.0 11.2 (1),(2)
71.8 6.0 2.0 10.8 (1),(2)
60.2 63.2 2.0 11.3 (4)
86.1 88.7 2.0 11.1 (4)
AVERAGE 68.9 6S.4 2.9 11.2
STANDARD DEVIATION S.9 4.7 1.4 0.2

(1): INDICATES THAT THE SPECIMFN FAILED OUTSIDE THE GAGE MARKS
(2): SPECIMEN REMOVED FROM THE FORGING BASE

(3): SPECIMEN REMOVED FROM TRE FOROGING SIDE WALL

(4): SPECIMEN REMOVED FROM THE FORGING END WALL
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TABLE C3
TENSILE RESULTS AT t/2 LOCATION FOR
PECHINEY 2001-T6 FORGINGS

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA MODULUS COMMENT
TEMP ATION STRENGTH STRENGTH (X) (%) (MS])
(DEGREES F) (R81) (KS1)
LOCKHEED, RT 8 TRANS 68.7 6.0
GEORGIA 72.2 6.0
86.6 6.0
70.9 6.0
72.1 6.0
AVERAGE 70.1 6.0
STANDARD DEVIATION 2.4 0.0
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TABLE Cé
COMPRESSION RESULTS AT t/2 LOCATION FOR
PECHINEY 2001-T6 FORGINGS

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (XS1) (1)
BOEING RT LONG ¢8.6
72.4
70.4
NORTHROP RT LONG 67.3 11.7
73.8 11.6
75.4 11.8
LOCKHEELD , RT LONG €7.0
GEORGIA 62.0
64.7
62.7
6c.6
GENERAL RT LONG $7.7
DYNAMICE,
TEXAS
MAETIN RT LONG 73.4 12.2
MARZETTA, 64.3 2.0
LOUISIAXA
AVERAGE €7.% il.9
STANKIDARDZ DEVIATION 5.1 0.3

NOTE: NOZTHROF SPECIMENS TAKEN FROM FORGING SIDE WALL.
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TABLE C5

COMFRESSION RESULTS AT t/2 LOCATION FOR

PECHINEY 2001-T6 FORGINGS

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE

TEMPERATURE YIELD STRENGTH MODULUS

(DEGREES F) (XSI) (MSI)

MARTIN RT L TRANS ¢1.7 12.0

MARIETTA, 60.2 12.0
LOUISIAKA

AVERAGE 6l1.0 12.0

STANDARD DEVIATION 1.1 ©.0
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NORTHROP

LOCKHEED,
GEORGIA

NOTx:

TABLE Cé6

AMSLER DOUBLE SHEAR RESULTS FOR
PECHINEY 2001-T6 FORGINGS

ORIENTATION SHEAR
STRENGTH
(KSI)

AVERAGE 39.3
STANDARD DEVIATION 0.7

NORTHROP SPECIMENS TAXKEN FROM FORGING SIDE WALL.
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COMPANY ORIENTATION SHEAR
STRENGTH
(KS1)
NORTHROP T-§ 38.0
37.1
35.8
LOCKHEED, T-S 30.0
GEORGIA 42.4
38.3
AVERAGE 38.4
STANDARD DEVIATION 2.2

NOTE: NORTHROP SPECIMENS TAKEN FROM FORGING -~ ._E WALL.

TABLE C7

AMSLER DOUBLE SHEAR RESULTS FOR

PECHINEY 2001-T6 FORGINGS
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TABLE C8
SLOTTED SHEAR RESULTS FOR PECHINEY
2001-T6 FORGINGS
COMPANY ORIENTATION SHEAR
STRENGTH
(KSD)

BOEING LONG 43.3

AVERAGE 43.8

STANDARD DEVIATION 1.0
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COMPANY

BOEING

NORTHROP

LOCKHEED,

GEORGIA

TABLE C9

BEARING RESULTS FOR PECHINEY

ORIENTAT

LONG

LONG

2091-T6 FORGINGS

10N e/D

AVERAGE

STANDARD DEVIATION

BEARING
ULT. STR.

©
v
[ 7 [ NN J OO

102.

93.0

10.1

NOTE: NORTHROP SPECIMENS‘REMOVED FROM FORGING SIDE WALL.
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TABLE C10

BEARING RESULTS FOR PECHINEY
2001-T6 FORGINGS

COMPANY ORIENTATION e/D BEARING BEARING

ULT. STR. YIELD STR.

(KS1) (XSI)

BOEING LONG 2.0 142.3 105.3

144.9 112.9

142.0 105.7

NORTHROP LONG 2.0 134.8 104.3

139.6 105.1

136.4 105.0

GENERAL LONG 2.0 120.0 116.0
DYNAMICS,

TEXAS

LOCKHEED, LONG 2.0 129.2 108.8

GEORGIA 128.1 105.1

132.8 109.2

AVERAGE 135.9 107.7

STANDARD DEVIATION 6.1 4.0

NOTE: NORTHROP SPECIMENS REMOVED FROM FORGING SIDE WALL.
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TABLE Cl1

BEARING RESULTS FOR PECHINEY
2091-T6 FORGINGS

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(XS1) (KSI)
GENERAL - L TRANS 2.0 128.0 87.2
DYNAMICS,
TEXAS
AVERAGE 128.0 87.2

STANDARD DEVIATION
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TABLE Cl12

FRACTURE TOUGHNESS RESULTS FOR
PECHIREY 2091-T6 FORGINGS

COMPANY ORIENTATION KIC Kq COMMENT
(KS1 IN“0.85) (XSI IN"0.5)

NORTHROP L-T 29.1 1) ,(3), (0
22.2 (2),(3),(4)
MARTIN L-T 25.8 4),(%
MARIETTA, 27.6 (4) ,(3)
LOUISIANA
AVERAGE 26.2
STANZARD DEVIATION 3.0

(1): WwW=1.0

(2): W=0.8
(3): SPECIMEN REMOVED FROM FORGING BASE
(4:: INVALID

(5): VIOLATES SPECIMEN TEICKNESS REQUIREMEXNTS
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TABLE C13
FRACTURE TOUGHNESS RESULTS FOR
PECHINEY 2001-T6 FORGINGS

COMPANY ORIENTATION KIC Kq COMMENT
(KSI IN“0.5) (KSI 1N"0.85)

NORTHROP T-L 24.1  (1).(3), (O
27.4 (2).(3).(4)
GENERAL | T-L 25.9 (s)
DYNAMICS . 20.4 (%)
TEXAS
MARTIN T-L 22.0 (4) . (7
MARIETTA, 285.3 (4) . (7
LOUISIANA
AVERAGE 24.2
STANDARD DEVIATION 2.6

(1): WwWs:.0

(2): Ww=0.8

(3): SPECIMEZIN REMOVED FROM FOKGING BASE

(4): INVALID

{5): INVALID DUE TO - INSUFFICIENT TEICKNESS, Pmax/Pq > 1.10,
ANT MININMUNM SURFACE CRACK LENGTH ¢ 90%

(€): INVALID DUE TO - Pmax/Pq > 1.10, MINIMUM SURFACE CRACK LENGTH
< 90%, ANIT CRACK CURVATURE > 5%

(7): VICLATEL. SPECIMEN TEICKNESS REQUIREMENTS
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APPENDIX D
PECHINEY
8090-T651 T-EXTRUSION
INTRODUCTION
The Pechiney 8090-T651 T-Extrusions were received the fourth quarter of 1986.
Dimensions of the T-Extrusion are 0.19" x 2.5" x 3.0" x 79". Four participants tested this
material; Boeing Commercial Airplane Company WA, General Dynamics Fort Worth Division,
LTV Aircraft Products Group TX, and the Navy (Naval Air Development Center).
TESTING

Basic mechanical properties (tension, compression, bearing, etc.) were tested according to
ASTM standards, unless otherwise specified.
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TABLE D1

TENSILE RESULTS FOR PECHINEY

8090-T651 T-EXTRUSION (0.19" X 2.5" X 3" X 79")

COMPANY TEST ORIENT- ULTIMATE YIRLD ELONG RA 3
TEMPERATURE ATION STRENGTH STRENGTH (%) (8)  (MSI)
(DEGREES F) (KSI) (KSI)
BOEING RT LONG 77.4 66.9 8.0
77.5 67.¢ 8.0
77.4 67.0 8.0
GENERAL RT LONG 81.0 71.5 5.9
DYNAMICS, 77.1 68.3 2.9
TEXAS 80.3 70.5% 5.7
80.7 70.9 4.9
NADC RT LONG 76.0 66.9 3.0 10.4
81.2 72.4 3.0 11.5
80.7 71.3 3.0 10.0
82.2 72.4 3.0 9.5
LTV RT LONG 78.5 68.9 6.1 11.6
77.4 68.5 7.2 11.6
78.5 69.2 6.9 11.6
AVERAGE 79.0 69.4 5.4 10.9
STANDARD DEVIATION 2.0 2.1 2.1 0.9
TABLE D2
TENSILE RESULTS FOR PECHINEY
8090-T651 T-EXTRUSION (0.19" X 2.5" X 3" X 79")
COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMPERATURE ATION STRENGTH STRENGTH (%) (8)  (MSI)
(DEGREES F) (KSI) (KSI)
GENERAL RT L TRANS 78.4 69.85 4.4
DYNAMICS, 78.2 69.6 4.5
TEXAS
AVERAGE 78.3 69.6 4.5
STANDARD DEVIATION 0.1 0.1 0.1
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TABLE D3
COMPRESSION RESULTS FOR PECHINEY

8090-T651 T-EXTRUSION (0.19" X 2.5" X 3" X 79%)

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)
BOBRING RT LONG 68.0
67.1
67.7
AVERAGE 67.6
STANDARD DEVIATION 0.5
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TABLE D4

SLOTTED SHEAR RESULTS FOR PECHINEY

8090-T651 T-EXTRUSION (0.19" X 2.5" X 3" X 79")

COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
BOEING LONG 42.5
42.5
42.5
AVERAGE 42.5
STANDARD DEVIATION 0.0
TABLE DS
SLOTTED SHEAR RESULTS FOR PECHINEY
8090-T651 T-BXTRUSION (0.19" X 2.5" X 3"
COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
GENERAL L TRANS 41.7
DYNAMICS, 41.2
TEXAS
AVERAGE 41.5
STANDARD DEVIATION 0.4
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TABLE D6
IOSIPESCU SHEAR RESULTS FOR PECHINEY

8090-T651 T-BXTRUSION (0.19" X 2.5" X 3" X 79%)

COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
LTIV LONG 41.4
40.6
42.5
AVERAGE 41.5
STANDARD DEVIATION 1.0
TABLE D7

IOSIPESCU SHEAR RESULTS FOR PECHINEY
8090-T651 T-EXTRUSION (0.19" X 2.5" X 3" X 79%)
COMPANY ORIENTATION SHEAR

STRENGTH
(KST)

LTV L TRANS 39.5
40.4
39.3

AVERAGE 39.7

STANDARD DEVIATION 0.6
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TABLE D8

BEARING RESULTS FOR PECHINEY

8090-T651 T-EXTRUSION (0.19" X 2.5 X 3" X 79%)

COMPANY ORIENTATION e/D BEARING BEARING

ULT. S7TR. YIBLD STR.

(KSI) (KSI)

BOEING LONG 1.5 103.4 90.2

106.5 94.6

107.6 95.5

GENERAL LONG 1.5 106.0 94.3

DYNAMICS, 104.0 91.2
TEXAS

LTV LONG 1.5 105.5 97.4

107.0 96.2

106.2 93.3

AVERAGE 105.8 94.1

STANDARD DEVIATION 1.4 2.4

{*): INDICATES SHEAR TEAR OUT FAILURE
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TABLE D9

BEARING RESULTS FOR PECHINEY

8090-T651 T-EXTRUSION (0.19" X 2.5" X 3" X 79")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KSI) (KSI)
BOEING LONG 2.0 131.8 105.1 *
138.6 113.1 *
135.2 111.4 »
GENERAL LONG 2.0 116.0 106.0
DYNAMICS, 135.0 107.0
TEXAS
LTV LONG 2.0 135.6 116.4
136.0
133.6 111.2
AVERAGE 132.7 110.0
STANDARD DEVIATION 7.0 4.1

(*): INDICATES SHEAR-TENSION FAILURE
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TABLE D10
FATIGUE RESULTS WITH R=0.1 AND Kt=2.8 FOR

PECHINEY 8090-T651 T-EXTRUSION (0.19" X 2.5" X 3" X 79")

COMPANY ORIENTATION STRESS CYCLES
(KSI)

LTV LONG 22.0 54,800
22.0 58,700
21.2 83,700
19.6 213,900
19.5 78,800
19.5 176,700
17.3 219,100
16.5 212,300
16.0 300,200
15.0 341,600
14.9 1,000,000 *

(*): INDICATES A RUN-OUT TEST
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APPENDIX E

ALCAN 8090-T651 AND 8090-T8 EXTRUSION
(1.0" X 4.0")

INTRODUCTION

The Alcan 8090-T651 1-inch x 4-inch extrusions were received the first quarter of 1986.
One participant heat treated the 8090-T651 to a T8 temper. Grumman-T8 condition was
achieved by heating the material to Z38°F for 24 hours. The other participants tested the material
in the as-received condition (-T651).

TESTING

Basic mechanical properties (tension, compression, bearing, etc.) were tested according to
ASTM standards, unless otherwise specified.

Constant amplitude fatigue crack growth tests were conducted according to ASTM E647
standard. The growth rate a-N data that were generated by the participants (Northrop, Grumman,
and Air Force) were reduced using a seven-point incremental polynomial method. This involves
fitting a second-order polynomial (parabola) to sets of seven successive data points. The data are
also checked against size requirements per ASTM E647, Section 7.2. NASA-Langley perfonmed
constant amplitude fatigue crack growth tests using K-increasing (load increasing) and K-
decreasing (load decreasing) methods.

Spectrum tests were performed by the Air Force using FALSTAFF ( a severe fatigue
environment) and Mini-TWIST (a moderately intense fatigue environment) spectrums.
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TABLE E1
TENSILE RESULTS AT t/2 LOCATION POR ALCANM

8090-T651 EXTRUSION (1" x 4%)

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (V)  (MSI)
(DEGREES F) (KSI) (KSI)

AIR FORCE RT LONG 72.7 62.9 5.3 13.0

76.1 64.2 5.3 6.0

77.0 65.2 6.1 9.9

76.6 €5.2 5.3 9.9

74.2 62.2 5.7 8.5

76.8 64.9 5.6 7.0
MARTIN RT LONG 81.0 76.8 4.9 11.3
MARIETTA 73.1 63.5 6.2 11.3
81.1 77.2 7.9 11.2
NORTHROP RT LONG 73.7 65.6 4.0 19.6 11.8
76.4 68.5 6.0 20.8 11.6
79.9 76.5 4.0 19.4 11.7
76.6 71.1 7.0 12.0
73.1 64.8 7.0 12.5
73.9 65.5 7.0 12.5
NASA RT LONG 77.1 67.9 5.0 11.4
LANGLEY 75.8 66.6 10.0 11.3
76.4 67.5 9.0 11.4
77.0 68.0 7.5 11.4
AVERAGE 76.2 67.6 6.3 12.7 11.6
STANDARD DEVIATION 2.5 4.6 1.6 5.8 0.4
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TABLE B2
TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4%)

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E

TEMP ATION STRENGTH STRENGTH (%) (%)  (MSI)
(DEGREES P) (KSI) (KSI)

MARTIN -423 LONG 103.9 22.0 13.1
MARIETTA 102.9 52.7 8.0 12.9
99.8 62.0 16.0 12.3
123.6 14.0 14.4
107.0 71.3  20.0 13.4
-320 LONG 89.4 64.4 12.0 14.9
89.4 68.6 11.0 13.5
89.1 64.5 13.5
+200 LONG 68.3 65.6 16.0 11.0
69.6 63.9 14.0 11.2
69.3 66.0 18.0 12.4
+350 LONG 55.3 55.2 36.0 10.5
55.6 55.5 26.0 10.5
55.7 55.6 30.0 10.7
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TABLE B3
TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090~-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TENP ATION  STRENGTH STRENGTH (%) (8)  (MSI)
(DEGREES F) (KSI) (KSI)

AIR FORCE RT L TRANS 67.4 54.7 7.8  16.0

68.2 54.0 0.0 15.9

69.6 55.0 8.6 21.8
NORTHROP RT L TRANS 68.6 58.4 7.0 19.6 11.8
68.3 58.1 7.0 20.8 11.6
68.2 58.0 7.0 19.4 11.7
68.0 58.0 8.0 12.3
67.8 57.2 8.0 12.5
68.2 58.2 9.0 12.2
MARTIN RT L TRANS 67.9 56.1 8.0 11.1
MARIETTA 68.2 56.8 9.5 11.1
68.5 56.5 9.5 11.5
NASA RT L TRANS 70.5 57.8 10.0 11.4
LANGLEY 70.1 57.7 11.0 11.4
70.8 58.3 10.0 11.4
70.7 57.8 10.0 11.4
AVERAGE 68.8 57.0 8.2 18.9 11.6
STANDARD DEVIATION 1.1 1.4 2.5 2.5 0.4

142




TARLE B¢
TENSILE RBSULTS AT t/2' LOCATION FOR ALCAN

8090-T651 EXTRUSION. (1" x 4") .

COMPANY - TES? . ORIENT- ULTIMATE  YIELD ELONG -RA z

- TEMP ATION = STRENGTH STRENGTH (%) (V)  (MSI)
(DEGREES F) - (XSI) (KSI)
MARTIN = -423 L TRANS 86.9 . 62.6 8.0 12.5
MARIETTA 81.8 72.0 12.5
: 87.9 62.5 9.0 13.1
-320 L TRANS 78.9 60.6 5.0 13.6
. 79.3 60.2 8.0 13.5
27.3 60.1 13.2
+200 L TRANS 63.5 56.1 12.3 9.0
63.6 56.5 13.3 10.6
63.6 56.7 12.5 10.8
+350 L TRANS 50.7 50.6 22.0 10.4
51.4 51.2 18.0 10.0
58.5 56.3 18.0 10.0
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TABLE BS
TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 BXTRUSION (1" x 47).

CONPANY TEST ORIENT- ULTIMATE YIELD ELONG RA B
TRNP ATION  STRENGTH STRENGTH (%) (%)  (NSI)
(DEGREES F) (X8I) (KSI)
NORTHROP RT S TRANS 69.4 s5.9 8.0 7.8 11.1
68.0 52.4 4.0 3.1 11.3
66.5 s1.6 4.0 3.1 11.2
AVERAGE 68.0  S3.3 5.3 4.7 11.2
STANDARD DEVIATION 1.5 2.3 2.3 2.7 0.
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TABLE E6
TENSILE RESULTS AT t/10 LOCATION POR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIRLD ELONG RA
TENP ATION  STRENGTH STRENGTH (%) (8)  (MSI)
(DEGREES F) ‘ (KSI) (KSI)
NORTHROP RT LONG 77.9 69.0 6.0 12.0
75.7 66.8 5.0 12.2
74.1 65.1 5.0 11.9
AVERAGE 75.9 67.0 5.3 12.0
STANDARD DEVIATION 1.9 2.0 0.6 0.2
TABLE E7
TENSILE RESULTS AT t/10 LOCATION FOR ALCAN
8090-T651 EXTRUSION (1" x 4")
COMPANY TEST ORIENT- ULTIMATE  YIELD ELONG RA E
TEMP ATION  STRENGTH STRENGTH (%) (8)  (MSI)
(DEGREES F) (KSI) (KSI)
NORTHROP RT L TRANS 72.4 63.4 9.0 12.4
72.2 63.1 9.0 12.2
72.3 63.0 9.0 12.2
AVERAGE 72.3  63.2 9.0 12.3
STANDARD DEVIATION 0.1 0.2 0.0 0.1
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TABLE E8

TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4") APTER 100 HRS AT 350F

COMPANY TEST ORIENT- ULTIMATE  YIELD ELONG RA E

TEMP ATION  STRENGTH STRENGTH (%) ($)  (MSI)
(DEGREES P) (KST) (KSI)

NORTHROP RT LONG 78.0 72.1 7.0 14.5 11.6
73.6 66.8 7.0 12.3 12.%
72.3 65.0 7.0 10.9 11.8
AVERAGE 74.6 €8.0 7.0 12.6 12.0
STANDARD DEVIATION 3.0 3.7 0.0 1.8 0.5
RT L TRANS 68.1 60.4 6.0 13.8 11.5
68.2 60.4 6.0 13.8 12.3
68.1 60.5 6.0 13.8 12.9
AVERAGE 68.1 60.4 6.0 13.8 12.2
STANDARD DEVIATION 0.1 0.1 0.0 0.0 0.7
RT S TRANS 67.2 56.9 4.0 6.2 11.3
64.8 55.8 2.0 2.5 10.8
67.1 55.2 2.0 4.7 10.8
AVERAGE 66.4 56.0 2.7 4.5 11.0
STANDARD DEVIATION 1.4 0.9 1.2 1.9 0.3
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TABLE B9
NOTCH TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 BXTRUSION (1" x 4")

COMPANY TEST ORIENT- NTS NTS/TYS
TEMP ATION
(DEGREES F) (KXSI)
NORTHROP RT LONG 82.7 1.2
78.1 1.1
85.0 1.2
AVERAGE 81.9 1.2
STANDARD DEVIATION 3.5 0.1
RT L TRANS 60.5 1.0
54.1 0.9
50.3 0.9
AVERAGE 55.0 0.9
STANDARD DEVIATION 5.2 0.0
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TABLE E10

COMPRESSION RESULTS FOR ALCAN

8090-T651 BXTRUSION (1" x 4°)
COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (X8I) (MSI)
AIR FORCE RT LONG 69.1
69.4
69.0
NORTHROP RT LONG 74.6 12.0
71.9 12.0
71.8 11.9
NASA RT LONG 67.4 11.7
LANGLEY 66.9 11.7
66.9 11.7
AVERAGE 69.7 11.8
STANDARD DEVIATION 2.6 0.2
TABLE E11
COMPRESSION RESULTS FOR ALCAN
8090-T651 EXTRUSION (1" x 4")
COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH  MODULUS
(DEGREES F) (XSI) (XSI)
AIR FORCE RT L TRANS 65.5
64.5
65.2
NURTHROP RT L TRANS 64.9 12.1
65.3 11.9
62.5 12.3
NASA RT L TRANS 63.2 11.8
LANGLEY 63.1 11.5
63.9 11.8
63.4 11.8
AVERAGE 64.2 11.9
STANDARD DEVIATION 1.1 0.3
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TABLE R12
RIVET SHEAR RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
NORTHROP L-8 36.9
37.4
31'1
AVERAGE 37.1
STANDARD DEVIATION 0.3
TABLE E13

RIVET SHEAR RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")
COMPANY ORIENTATION SHEAR
STRENGTH
(KSI)
NORTHROP T-8 34.5
34.6
36.6
AVERAGE 35.2
STANDARD DEVIATION 1.2
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TABLE E14
AMSLER DOUBLE SHEAR RESULTS FOR
ALCAN 8090-T651 EXTRUSION (1" X 4")
COMPANY ORIENTATION SHEAR

STRENGTH
(KSI)

AIR FORCE L-8 36.5
34.6

34.7

NASA - LANGLEY L-8 36.7
36.7

36.4
37.0
AVERAGE 36.1

STANDARD DEVIATION 1.0

TABLE E15
AMSLER DOUBLE SHEAR RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

AIR FORCE T-S5 36.5
36.6
34.6

NASA - LANGLEY T -8 35.4
35.1

35.0

34.8

AVERAGE 35.4

STANDARD DEVIATION 0.8
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TABLE E16

BEARING RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4%)

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KSI) (XSI)
AIR FORCE LONG 1.5 94.2 74.3
100.6 82.7
100.4 79.3
NORTHROP LONG 1.5 101.0 84.4
99.4 77.17
100.0 81.5
NASA LONG 1.5 104.5 86.1
LANGLEY 103.2 85.5
101.9 82.4
103.5 84.3
AVERAGE 100.9 8l1.8
STANDARD DEVIATION 2.9 3.7
TABLE E17
BEARING RESULTS FOR ALCAN
8090-T651 EBXTRUSION (1" X 4*)
COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KSI) (KSI)
AIR FORCE L TRANS 1.5 88.3 79.4
80.0 71.8
87.4 78.2
NORTHROP L TRANS 1.5 87.7 79.5
88.3 80.1
86.3 78.9
AVERAGE 86.3 78.0
STANDARD DEVIATION 3.2 3.1
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TABLE E18

BEARING RESULTS FOR ALCAN

8090-T651 BEXTRUSION (1" X 4")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. S8TR. YIELD STR.
{KSI) (KSI)

AIR FORCE LONG 2.0 123.90

126.0
116.7 87.0
NORTHROP LONG 2.0 126.0 98.3
. 125.0 94.8
128.0 97.1
NASA LONG 2.0 131.4 100.0
LANGLEY 131.0 97.4
127.0 98.1
132.4 97.4
AVERAGE 126.7 96.3
STANDARD DEVIATION 4.6 4.0

TABLE E19
BEARING RESULTS FOR ALCAN
8090-T651 EXTRUSION (1" X 4")
COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KSI) {KSI)
AIR FORCE L TRANS 2.0 116.0 98.0
115.1 90.3
104.7 86.6
NORTHROP L TRANS 2.0 116.0 98.3
115.0 98.3
AVERAGE 113.4 94.3
STANDARD DEVIATION 4.9 5.5
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TABLE E20

FRACTURE TOUGHNESS RESULTS FOR

ALCAN 8090-T651 EBXTRUSION (1" X 4")

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in~0.5) (KSI in~0.5)
AIR FORCE L-T 25.2 INVALID(1)
25.8 VALID
27.8 INVALID(1,2)
NORTHROP L-T 26.2 (3)
28.3 (3)
28.4 (3)
NASA L-T 25.3 INVALID(1,2)
LANGLEY 28.1 INVALID(1,2)
27.4 INVALID(1,2)
28.9 INVALID(1,2)
AVERAGE 27.2 27.1
STANDARD DEVIATION 1.4 1.5

(1): Pmax/Pq was greater than 1.10

(2): The difference between the two surface crack length measurements
exceed 10% of the average crack length.

(3): PFractured parallel to load line
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TABLE B21

FRACTURE TOUGHNESS RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION K1c Kq COMMENT

(KSI in~0.5) (KSI in~0.5)
AIR FORCE T-1 16.1 VALID
16.3 VALID
15.9 VALID
NORTHROP T-L 15.1 VALID
14.9 VALID
15.3 VALID
NASA T-L 5.4 INVALID(1,2)
LANGLEY 6.8 INVALID(1,3)
17.1 INVALID(1)
17.9 INVALID(1)

AVERAGE 15.6 11.8

STANDARD DEVIATION 0.6

(1)t Kmax > 0.6 Kq
(2): Pmax / Pgq = 3.6
(3): Pmax / Pq = 2.6
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TABLE E22
STRESS CORROSION CRACKING RESULTS FOR
ALCAN 8090-T651 BXTRUSION (1" X 4")

COMPANY ORIENTATION STRESS APPLIED A OF T-L KIC COMMENT
(KSI in~0.5) (KSI in~0.5)

AIR PORCE T-L 12.0 75.0 DID NOT FAIL
14.0 87.0 DID NOT FAIL

NOTE: TESTING DISCONTINUED AFTER SPECIMEN WAS LOADED
TO 87% OF T-L KIC AND DID NOT PAIL AFTER 2000 HRS.
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TABLE B23
FATIGUE RESULTS WITH R=0.1 AND Kt=1.0 FOR

ALCAN 8090-T651 EXTRUSION (1" X 4%)

COMPANY ORIENTATION STRESS CYCLES
(KSI)

NORTHROP LONG 80.0 98
70.0 18,793
60.0 28,082
$0.0 57,511
45.0 362,662
42.5 642,818
40.0 4,000,000
37.5 5,000,000

NASA - LANGLEY LONG 60.0 29,100
50.0 43,000
45.0 55,600
40.0 549,000
38.0 2,472,100
36.0 10,557,700
36.0 139,300
36.0 317,600
30.0 12,900,000

(*): INDICATES RUN-OUT TBST
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TABLE E24
FATIGUE RESULTS WITH R=0.1 AND Kt=3.0 FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION STRESS CYCLES
(kSI)

NORTHROP LONG 55.0 4,413
50.0 6,373
40.0 13,431
35.0 35,620
30.0 115,117
27.5 210,968
27.5 150,596
25.0 5,000,000

NASA -~ LANGLEY LONG 35.0 20,400
30.0 47,600
25.0 462,400
23.0 1,785,300
22.0 1,169,200
22.0 725,500
22.0 12,300,000
21.0 10,908,100
20.0 10,045,000

(*): INDICATES RUN-OUT TEST

NOTE: NASA-LANGLEY SPECIMENS HAD A Ktg=3.01 AND A Ktn=2.88
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